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Preface

Preface

This document assists State environmental agencies as they consider adopting output-
based NOx allowance allocations for their State implementation plan (SIP) in response to the
NOx SIP call. It focuses on technical issues of how to develop and implement output-based
allowance allocations. In particular, this document describes options for developing NOx
allowance allocations for power plants and industrial (or institutional) boilers and turbines using
output (electric generation or thermal energy). The discussions in this document may also help
others plan and understand regulatory requirements.

This document describes how you could allocate NOx allowances using output data and
how you could obtain information that will let you update those allocations periodically. The
focus of this guidanceis for States creating a NOx trading program.

The guidance document provides examples of how to calculate NOx allowance
allocations using electric output and thermal output data and how to adjust these allocations to fit
a State’ s sector budgets for electric generating units and non-electric generating units. The

guidance considers:

. The types of facilities to which the guidance applies
. The assignment of allocations to units, to plants, or to generators
. Technical and policy concernsin selecting the location for measuring or calculating

output data to be used in alocations

. Requirements for sources, such as monitoring, recording, and reporting output data
. Potential sources of output data
. Regulatory provisionsto include in State rules

Finally, the document provides sample regulatory language that would revise the Model NOx
Trading Rule for the NOx SIP call at 40 CFR part 96.

This guidance does not give a comprehensive discussion of policy issuesfor choosing a
particular approach to allocating NOx alowances. However, it includes a brief discussion of the
analysis we considered while eval uating updating output-based allocations in our January 18,
2000 section 126 final rule.
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This guidance does not give recommendations about how often you should update
allocations, to which sources you should allocate NOx allowances based on output, or whether
you should use gross or net output data as the basis for allocations. The Updating Output
Emission Limitation Workgroup, which assisted us in developing this guidance, did not address
or resolve such issues. We ourselves are still considering the last two of these issues and intend
to take public comment on them in an upcoming rulemaking in the year 2000. The legal issues
and many policy issues associated with adopting an output-based allocation are beyond the scope
of this document. However, the guidance document does raise issues for you to consider as you
decide on the most appropriate approach to allocating NOx allowances in your State.

In the model rule for the NOx Budget Trading Program under the NOx SIP call, 40 Code
of Federa Regulations (CFR) part 96, we provided an approach to allocating NOx allowances
based on heat input. We did this primarily because we had successfully established allocations
based on heat input for previous programs, and had concerns about issues of implementation and
data quality with output-based allocations. However, in the final NOx SIP call, we aso
committed to working together with stakeholders to resolve these issues in order to design an
approach to allocating output-based NO, allowances that States could use as part of their trading
program rulesin their SIPs. We said that we would develop a proposed approach to output-based
alocations in 1999 and finalize an output-based option in 2000. We issued draft guidancein
December of 1999. Today’s document is the final guidance to States for output-based allocations
that we committed to in the NOx SIP call.

Y ou will find some new challenges in setting all ocations based on output, rather than heat
input. This guidance addresses many of these challenges. The guidance document islaid out as
follows:

. Section | describes various output-based emission limitations and references EPA’s
analysis of approaches to allocating NO, allowances for the final section 126 rule.
. Section |1 addresses how to calculate NOx allowances for sources that produce both

electricity and heat or steam as useful outputs.

. Section |11 describes the types of sources to which this guidance applies.
. Section 1V discusses alocating NOx allowances to units, to generating systems, or to
Final EPA Guidance Document Developing and Updating Output-Based
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entire plants.

Section V describes technical and policy concerns in selecting the location for monitoring
or calculating output datato be used for allocations.

Section VI describes where sources do, or could, monitor electric and thermal output at
different types of facilities.

Section V11 addresses how sources would monitor and report information on electric or
thermal output.

Section V111 describes potential sources of output data and their limitations.

Section I X suggests changes that you may want to make to your State rule to include
updating, output-based allocations.

Section X gives you background on how we considered issues in preparing this guidance
and suggests additional sources of information.

Appendix A provides language that you may use or modify for usein your State
implementation plan if you determine NOx allowance allocations based on output.

Appendix B isaglossary to help you understand terms and abbreviations.

We hope you will find this draft guidance to be useful and informative.
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Section |.: Why should | consider using output-based NOXx all owance allocations?

|. Background: Why should | consider using output-based NOx allowance allocations?

Traditionally, emission limitations have been based on the concentration of pollutant (e.g.,
sulfur) infuel, on the concentration of pollutant in theflue gas, or on the amount of pollutant per unit
of input to the process; for example, many power plants and industrial boilers meet emission
standardsin poundsof pollutant per million British thermal units(mmBtu) of heat input (fuel usage).
Inrecent years, there hasbeenincreasing interest in setting emission limitati ons based on the amount
of pollutant per unit of useful output or product of aprocess. Someemission limitationshavealways
been on the basis of the amount of pollutant produced per unit of output, such as vehicle emission
standardsingramsper miletraveled or standardsfor stationary internal combustion enginesingrams
per horsepower-hour. Morerecently, EPA adopted revised New Source Performance Standardsfor
new power plantsin terms of pounds of NOx per megawatt-hour of electric output.

In theory, a power plant or boiler could reduce pollution by improving its efficiency and
could produce the same amount of electricity or steam from lessfuel. Thiswould be an dternative
to complying with an emission limitation by using cleaner inputs to the process or by putting on
emission controls. Advocatesof output-based emission limitationshave suggested that using output
as the basis for an emission limitation encourages greater efficiency and potentially reduces air
pollution.*

You can also use an output measure when allocating allowances under a cap and trade
system. Such allocations are typically determined using one or more emission rate values and
information on the sources operating history. Inthe Acid Rain Program and Phase Il of the OTC

NOx Budget Program, regul ators cal cul ated all ocationsfor sources using the product of an emission

Others disagree with this point of view. They point out that industry already has a
significant incentive to improve efficiency by saving on fuel costs. Some commenters on the
draft guidance stated that making significant changes to existing facilities may make sources
subject to New Source Review requirements, which could be cost prohibitive. Comments of the
American Forest & Paper Association Regarding the U.S. EPA’s Draft Guidance on Output-
Based Allocations for States Joining the NOx Budget Trading Program under the NOx SIP Call;
Technical Comments of Cinergy Corp. on EPA’s Draft Guidance on Output-Based Allocations
for States Joining the NOx Budget Trading Program under the NOx SIP Call, January 12, 2000;
Comments on Output Based NOx Allowance Allocations, November 29, 1999 Draft Guidance
Document from Indianapolis Power & Light, January 10, 2000.
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Section |: Why should | consider using output-based NOx allowance all ocations?

rate factor in pounds of SO, or NO, per million Btu (mmBtu) or heat input and the historic heat
input in mmBtu from a particular period of time. However, you could also use an emission rate
factor in Ib SO, or NOx/MWh and the historic electric output in MWh from a power plant to
determineitsallocation. For specific examplesof how to cal culate allowanceall ocations, seesection
Il of thisdocument (pp. 23-43). Notethat output-based allowance all ocations under acap and trade
program do not necessarily provide the same incentives or result in the same consequences as an
output-based emission standard using a rate which is applied without a cap. In particular, if you
update output-based allocations periodically using recent data, you may encourage increased
utilization in addition to increased efficiency by sources vying for alarger share of the allocations.

In EPA’s section 126 final rule, we created a Federal NOx Budget Trading Program that
covers many of the same States included in the NOx SIP call. Unlike the NOx SIP call, EPA is
responsible for developing NOx allowance allocations under the section 126 final rule. We
evaluated potential impactsof different NOx allowance all ocation methods as part of EPA’ ssection
126 final rule (January 18, 2000). See 65 FR 2698-2711 for a detailed discussion of how EPA
decided on the all ocation methodol ogy for the section 126 rule. We analyzed impacts of permanent
allocations versus updated allocations. Our analysis of different allocation approaches also
considered the potential impacts of updating all ocationsusing heat input, using output of fossil fuel-
fired el ectric generating units?, and using output of both fossil fuel-fired el ectric generating unitsand
non-emitting electricity generating systems. In particular, the study looked at impacts on emissions
and generation from the electricity industry. It did not examine potential impacts on non-electric
generating units(e.g., industrial or institutional boilersand turbines). Y ou can find the results of the
analysisaswell asadescription of themethodology inthereport, “ Economic Analysisof Alternative
Methods of Allocating NOx Emissions Allowances’” (EPA Air Docket A 97-43, Category X1-B-01,
this also is available on EPA’s web site [http://acidrain/modirule/main.html#126]). You may

consider this report as you decide whether you wish to use output-based or updating allocations.

2 This includes the sources that EPA defined as “ electric generating units’ in the final
NOx SIP call of October 18, 1998, including some cogeneration facilities. The D.C. Circuit
Court of Appeals has remanded the definition to EPA for further consideration. See State of
Michiganv. U.S. EPA, No. 98-1497, dip op. at 28-29 (D.C. Cir., March 3, 2000).
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Our alocation report examined the question of allocations only in the context of NOx
emissions and the NOx Budget Trading Program, and its results should be interpreted only in that
context. Futuredecisionson allocationsfor potential future cap-and-trade programsshould be based

on analysis specific to those programs.
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Section |1.A.; What formula(s) do | use to calculate NOx all owance allocations based on output?

II. Calculations: How do | calculate sour ce allocations?
A. What formula(s) do | useto calculate NOx allowance allocations based on output?
Use the following formulas:

For calculating NOx allowance allocations from electric output:

\

. éElectricity generation during

Allocation = ael-5|bNOX(:_Jébaselineperiod, inMWh g
ocation = &~ wh 58 2000 1b/ ton d

u

€

Where:

“Allocation” is the unadjusted NOx allowance allocation, in tons.

1.51b NOx/MWh is the factor for allocating NOx allowances based on electric output.
“Electricity generation during baseline period, in MWh” is the electricity generation in the time
period that you choose. For example, this could be the average electricity generation during the
ozone season for the two years with the highest generation out of 1995, 1996, and 1997.

For calculating NOx allowance allocations from thermal output:

In this document, we present two general approaches to measuring thermal output.
Depending on the approach you require for monitoring thermal output, the value of the measured
thermal output and the factor used in the formula will vary. The two approaches to monitoring
thermal output, the boiler efficiency approach and the ssmplified approach, differ in whether sources
must measure and subtract out all thermal energy that returns to a boiler. See the discussion in
section V1., “Where do facilities measure electric and thermal output?’ (pp. 55-141, especially pp.
68-69). The derivation of the factor is discussed further below in this section.

If you are using the boiler efficiency approach for monitoring thermal output, use the

following equation:
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Section |1.A.; What formula(s) do | use to calculate NOx all owance allocations based on output?

éMeasured thermal output during
&0.241bNO 0ebas:ellne period, in mmBtu,,

U
(
é mmBtu,, gé 2000 Ib/ ton H
& U

Allocation =

Where:

“Allocation” is the unadjusted NOx allowance allocation, in tons.

0.24 Ib /mmBtu,,, isthefactor for allocating NOx allowances based on thermal output, as measured
using the boiler efficiency approach.

“Measured thermal output during baseline period, in mmBtu,,,” is the electricity generation in the
timeperiod that you choose. For example, thiscould bethe averagethermal output during the ozone
season for the two years with the highest generation out of 1995, 1996, and 1997. Sources will
measure the thermal output using the boiler efficiency approach as described in section VI (pp. 68-
69, 84-91, and 124-137). (This monitoring approach requires sources receiving allowances based
on thermal output to measure and subtract all thermal energy returning to the boiler.)

If you are using the simplified approach for monitoring thermal output, use the following

eguation:
éMeasured thermal output during
_ g0.221bNO 0ebasellneperlod inmmBtu,, U
Allocation = é a
mmBtu,, F< & 2000 Ib/ ton u
€ u

Eq.3
Where:

“Allocation” is the unadjusted NOx allowance allocation, in tons.
0.22 Ib/mmBtu,, isthefactor for allocating NOx allowances based on thermal output, as measured

using the simplified approach.
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“Measured thermal output during baseline period, in mmBtu,,,” is the electricity generation in the
time period that you choose. For example, thiscould be the average thermal output during the ozone
season for the two years with the highest generation out of 1995, 1996, and 1997. A source will
measure the thermal output using the simplified approach, asdescribed in section VI (pp. 68-69, 74-
78, and 102-109). (Inthisapproach, asource does not need to measure the thermal energy going to
the boiler in aboiler feedwater return (condensate return) line.)

Sources of the factors (1.5 Ib/MWh, 0.24 |b/mmBtu,,, or 0.22 Ib/mmBtu,,):

Each allowance allocation includes afactor, in terms of mass of pollutant per measurement
unit of operation. The factor is multiplied by some measure of unit operation during a baseline
period, such as heat input in mmBtu or electric output in MWh. In § 96.42, EPA provided factors
of 0.15 Ib NOx/mmBtu heat input for electric generating units and 0.17 |b NOx/mmBtu heat input
for non-electric generating units. Thesefactors correspond to the average NOx emission rate across
the entire sector after making reductions. In the model rule for the NOx Budget Trading Program
under the NOx SIP call, every unit in a sector would receive an initial, unadjusted allocation that is
based on the same factor. The initial allocation number is then adjusted up or down so that total
allowancesin the sector would not exceed the State emission budget for that sector. Thus, the exact
value of the factor is not important, provided that the allocations are adjusted separately for the
electric generating unit sector and for the non-electric generating unit sector. The factor is not an
emission standard that a source must meet.

The suggested factors based on output are by the type of energy, rather than by the type of
facility. You could usethe thermal output emission rate of 0.24 (or 0.22) Ib/mmBtu,,, with thermal
output either from anon-electric generating unit that produces only thermal output or for thethermal
output of acogeneration unit that produces both electricity and thermal output. Y ou would not use
that factor only for thermal output from non-electric generating units. Likewise, you could usethe
electric output emission rate of 1.5 Ib/MWh for setting an output-based allocation from any facility
that generates electricity.
< Factor for e ectric output

If an electricity generating unit with an average heat rate of 10,000 Btu/kWh meetsthe NOx
SIP call target NOx emission rate of 0.15 Ib/mmBtu heat input, it will also meet aNOx emissionrate
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of 1.5 Ib/MWh. Industry sources and environmental groups have suggested this average heat rate
of 10,000 Btu/kWh®. Thisis a heat rate value typical of a large coal-fired boiler using a steam
turbine, acommonly-used technology. Utility boilersand turbinestypically have heat rates ranging
between 8,500 Btu/kWh and 14,250 Btw/kWh". If you wish to, you may calculate your own factor

for electric generation using the following equation:

60151b NOxy gl mmBtup € vnical heat ratein B &0° kKWho _ fector in Ib NOx
§ mmBu f €10°Buo 7P KWhil § TMWh 5~ MWh
Eq. 4

Alternatively, you may calculate the factor for electric generation by dividing the emissions budget
for the electric generating unit sector by the total generation from all affected electric generating
units for an ozone season during some baseline period, if you know these numbers.

< Factor for thermal output measured by the boiler efficiency approach

Weusetheterm “boiler efficiency” to mean efficiency of imparting thermal energy to steam
inaboiler. Thisis calculated as the thermal output leaving a boiler (not an entire steam system),
minus any thermal energy reentering the boiler, divided by the heat input from fuel. This is
consistent with the boiler efficiency approach to measuring thermal output, as described in section
VI (pp. 68-69, 84-91, and 124-137).

If an industrial boiler with a boiler efficiency of 70% meets a NOx emission rate of 0.17
Ib/mmBtu heat input, it will also meet aNOx emission rate of 0.24 Ib/mmBtu,,. Industrial boilers

have efficiencies ranging from 55% to 85%°. Existing fossil fuel-fired boilers can readily achieve

*This value was suggested at the February 3 Meeting of the Updating Output Emission
Limitation Workgroup.

*Thisisthe range of heat rates used in the Integrated Planning Model. EPA has used this
model for much of its economic analysis.

*Information provided by the American Forest and Paper Association, in aletter entitled,
“Comments of the American Forest & Paper Association on Output-Based Emission
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an efficiency of 70%. Also, an efficiency of 70% isin the middle of the range of efficiencies for
industrial boilersusing commonly availabletechnology. If youwishto, youmay calculateyour own

factor for thermal output using the following equation:

€ 017 Ib NOx @
gmthu inputH - factor | Ib NOx
typical boiler efficiency, asadecimal orin mmBtu output
Eq. 5
< Factor for thermal output measured by the simplified approach

In the simplified approach to monitoring thermal output, the owner of a unit measures
thermal output leaving from the boiler, without subtracting thermal output returned to the boiler in
boiler feedwater. See section VI, especially pp.65-70. Therefore, under the ssimplified approach,
you do not assume an energy balance. Instead of measuring the thermal energy in the boiler
feedwater return directly, one uses ageneric valuefor atypical amount of thermal energy returning
in condensate and incorporates this assumption into the factor used to calculate allocations from
thermal output. Asaresult, the allocation factor for thermal output issmaller under the ssmplified
approach than under the boiler efficiency approach. If you usethermal output datathat are measured
using the ssimplified approach, the thermal output values will be higher than under the boiler
efficiency approach.

One could calculate a“ pseudo-efficiency” by dividing the thermal output leaving the boiler
and dividing it only by the heat input from fuel (and not including heat input from any hot water or
steam entering the boiler). This “pseudo-efficiency” will be higher than the boiler efficiency

described above.® Thus, the factor cal culated based upon boiler efficiency using Equation 5 above

Limitations.”

*The “pseudo-efficiency” can even exceed 100%.
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will be too high.

Here are steps that we took to calculate an allocation factor for thermal output that
incorporates energy in the boiler feedwater return. First, we assumed atypical actual heat input rate
for an hour is 250 mmBtu/hr.” A boiler with an efficiency of 70% will actualy transfer 175
mmBtu/hr to steam leaving the boiler. In most industrial and institutional applications, steam is
saturated rather than superheated. Therefore, we assume saturated steam conditions and atypical
enthalpy of roughly 1200 Btu per pound of steam leaving the boiler. With a boiler efficiency of
70%, steam leaving the boiler at 250 pounds per square inch (psi), and condensate in the boiler
feedwater return at 150EF and with an enthalpy of 119.2 Btu/lb, we would find a steam flow of
roughly 161,600 Ib/hr.2 With a steam flow of 161,600 Ib/hr and an enthal py of 1202.1 Btu/lb, the
steam leaving the boiler has athermal energy rate of 194.3 mmBtu/hr.

Now, we compare this to the allocation factor based on heat input and the heat input rate.
The input-based factor is 0.17 Ib NOx/mmBtu and the heat input rate is 250 mmBtu/hr. We can
calculate the output-based factor in proportion:

@& output - based factor, b/ mmBtu outputd & 250 mmBtu input / hr 0
017 Ib/ mmBtu input 5 §194.3 mmBtu/ hr outputs
Calculation #1

" The Coalition for Gas-Based Environmental Solutions provided this assumptionin a
February 18, 2000 memorandum. We believe thisisreasonable. We determined that the most
common design heat input rate for a non-electric generating unit in the NOx SIP call region is
422 mmBtu/hr (both the median and mode value). The mean design heat input rate for a non-
electric generating unit in the NOx SIP call region is 507 mmBtu/hr. Given thesetypical values
for the design heat input rate of non-electric generating units, and assuming that industrial boilers
typically run at 50 to 60 percent of their design capacity, a heat input rate of 250 mmBtu/hr is
reasonable.

8T hese assumptions and calculations are provided in a February 18, 2000 memorandum
from the Coalition for Gas-Based Environmenta Solutions.
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Using this calculation, we find that the allocation factor for thermal output is0.22 [b NOx/
mmBtu output where the typical boiler efficiency is 70 percent.

If you wish to, you may calculate your own factor for thermal output under the simplified
approach using the same general approach. For higher heat input rates, the steam flow rate would
increasein proportion, aswould the energy flow ratein the steam exiting the boiler. Thefactor will
vary somewhat based upon the efficiency of the boiler in transferring heat to the steam or water
leaving the boiler. Y ou can usethistable to determine the all ocation factor using an assumed boiler
efficiency, based upon the approach described in the previous two paragraphs:

Tablell-1: Allocation Factor for Thermal Output by the Simplified Approach,
Based on Boiler Efficiency

Assumed Typical Boiler Efficiency Allocation Factor for Thermal Output Measured
by the Simplified Approach
85% 0.18
80% 0.19
75% 0.20
70% 0.22
65% 0.24
60% 0.26
55% 0.28
< Other ways to determine afactor for thermal output

Alternatively, you may calculate the factor for thermal output by dividing the emissions
budget for the non-electric generating unit sector in your State by the total thermal output from all
affected non-electric generating unitsfor an ozone season during some baseline period, if you know
these numbers. Thiswould require that sources continue to use the same monitoring approach for
thermal output that they used historically and that isreflected in the thermal output datathat you use
in the calculation.

Representatives of the forest and paper products industry have stated that boilerstend to be

less efficient when they combust biomass fuels, such aswood products, instead of fossil fuel. Thus,
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these boilers could be at a disadvantage in an output-based allocation system. This effect will be
greater as the amount of non-fossil fuel burned by the boiler increases. The forest and paper
productsindustry has claimed that there may be environmental benefitsto using biomassfuels, such
as areduction in carbon dioxide emissions’ and a reduction in solid waste that otherwise might be
buried in alandfill*°, depending on the situation. We have not evaluated these claims and issues.

< Other notes on derivation of the allocation factors

Theexact value of thefactor doesnot matter, if all allocationsinagroup are calculated using
the same factor, as in the model trading rule for the NOx SIP Call. Because there will be some
sourcesthat produce both thermal and el ectric output in both the EGU and non-EGU sectors, it will
be more fair to treat the two forms of output as consistently as possible.

Notethat the assumptionsabout the efficienciesof industrial boilersand el ectrical generation
are not the same. Electric generation is inherently more difficult to produce and less efficient
compared to the original heat input of fuel because of the steps needed to create the commercial
product. For a utility boiler, this would include running steam through the steam turbine and
generator. Industrial boilers measure their thermal output, which is an intermediate step in the
process of creating the final commercia product (paper, chemicals, refined ail, etc.). It would not
be appropriate to compute all ocations assuming the same efficiency for an industrial boiler and for
el ectric generation, because they operate through different processes with different thermodynamic
properties and create different products that generally are not interchangeable. Thus, industrial
boilers are inherently more capable of producing lower emissions for a given amount of energy
coming out of the process than el ectric generators. Thiswould not necessarily be the case once one
included the inefficiencies involved in converting steam to a sellable product. Thus, wethink itis
appropriate to assume a typical operating efficiency for common technologies used in generating
electricity and steam. We assumed an efficiency of roughly 34% (10,000 Btu/kWh) for electric

® January 12, 2000 Comments of the American Forest & Paper Association Regarding the
U.S. EPA’ s Draft Guidance on Output-Based Allocations for States Joining the NOx Budget
Trading Program under the NOx SIP Call

19 Presentation by William Nicholson, Potlatch Corporation. See minutes of March 25,
1999 Meeting of the Updating Output Emission Limitation Workgroup.
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generation and assuming an efficiency of roughly 70% for steam generation by an industrial boiler.

Throughout the rest of this document, we will use afactor of 0.24 [b/mmBtu,, for thermal
output. Thisvalue assumes that sources determine their thermal output using the boiler efficiency
approach. However, if you require sources in your state to monitor thermal output using the
simplified approach, then you should use afactor of 0.22 Ib/mmBtu,,.

Other forms of output:

Y ou should not need other forms of output, unless you bring in additional categories of
sources into the trading program that were not included in 40 CFR part 96. Note that this may
extend the review time of your SIP and may even mean that we will not include you in theinterstate
NOx Budget Trading Program administered by EPA under the NOx SIP call. Other formsof output
could include tons of clinker from cement kilns, or mechanical output in horsepower-hours from
machines such as gas compressors or stationary internal combustion engines.

If youwereto calculate NOx allowance allocationsfor other forms of output, you would use
asimilar equation with afactor in Ib NOx per unit of output, multiplied by the output during the
baseline period, divided by 2000 Ib/ton. Ideally, the factor should be similar to the target average
NOx emission ratefor that form of output. This could be cal culated by the emissions budget for the
sector in your State divided by the output for affected sourcesin that sector during the ozone season
of abaselineperiod. Again, aslong asthisother category of sources has a sector budget and aslong
asthis category produces only one kind of output, the size of the factor does not matter, and in fact,
is not truly necessary. You would still need to define the form of output from the process and
establish a procedure to determine the output.

B. How do | calculate the unadjusted allocation for each source?

Use the emission rate factor based on output (e.g., 1.5 Ib/MWh or 0.24 Ib/mmBtu,,).
Multiply thisemission rate by the output during the 0zone season in the baseline period you choose.
For electric output

Multiply 1.5 Ib/MWh by the electric output during the ozone season in the baseline period
you choose. An example of electric output during a baseline period is the average generation from
the two highest ozone seasons of electric generation from the years 1995, 1996, and 1997. Divide
this number of pounds of NOx by 2000 to calculate the source’ s unadjusted allocation in tons.
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Example. Calculation of unadjusted allocation using electric generation

Unit 1 at the Deep River Generating Station generated 2,287,047 MWhin May 1 through September
30 of 1995, 2,955,019 MWh in May 1 through September 30 of 1996, and 2,633,547 MWhin May
1 through September 30 of 1997. The average generation during the ozone season for the two
highest of the three years is 2,794,283 MWh. Calculate the unadjusted alocation for Unit 1 as
follows:

&l.5 Ib NO, 82 794,283 MWh{
é MWh & 2000Ib/ton H

Allocation =

Finally, round up the alocation to the nearest whole ton, for an unadjusted allocation of 2096

allowances.

For thermal output

The same general approach applies for calculating an allocation based on thermal outpui.
Multiply the emission standard of 0.24 (or 0.22) Ib/mmBtu,, by the thermal output in mmBtu,,,
during the baseline period you choose. Then divide this value by 2000 Ib/ton. Generally, round up
fractional tons of 0.5 or greater, or round down fractional tons of less than 0.5 to calculate the
allocation to the nearest whole ton.

C.How do| develop unadjusted output-based allocationsfor sourcesthat produce morethan
one form of output (such as, both electricity and steam)?

Allocate NOx allowancesto the unit by each type of energy, rather than once for the type of
facility. Add theinitial tonnages for each form of output to get atotal unadjusted allocation. For
example, for an electric generating unit that isacombined heat and power project, youwill calculate
one tonnage value for the electric output and a second tonnage value for the thermal output. Add
the tonnages before rounding. Generally, round the total tonnage to the nearest whole ton to get the
unadjusted allocation for the unit.
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Example. Calculation by energy type.
Unit 2 at the Rocky Valley Cogeneration Facility produces both electricity and steam. The State
receivesitshistoric electricity and steam generation for May 1 through September 30 of 1995, 1996,
and 1997. The State then drops the lowest electric output value out of the three control periodsand
the lowest thermal output value out of the three control periods. For electric output, the State uses
the average electric output from 1995 and 1997. For thermal output, the State uses the average
thermal output from 1995 and 1996. The electric output and the thermal output valuesthat the State
uses to calculate raw allocations are as follows:

Electric and Thermal Output at Rocky Valley Cogeneration Facility Unit 2
Electric output (MWHh) Thermal output ( mthu%)

11,193 191,008

Unit 2's allocation portion based on electric output is calculated as:
b
MWh2

ElectricOutput tonnage = ?LS [1L193M\Nh] 2000Ib/ton = 8.4tons

Unit 2's allocation portion based on thermal output is calculated as:

& Ib 0

024 ——— (191,008 mmBtu,,
mmBtu,, @

Thermal Output tonnage = 2000 1b/ton = 229tons

Thetotal tonnage for the unit then equals 8.4 + 22.9 = 31.3 tons. Unit 2's unadjusted allocation is

31 allowances.

It is adso possible to “convert” thermal energy to electric output. However, this is not
necessary, as shown by the example above. Any conversion will require assumptions that depend

upon the technology being used.
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D. How do | adjust the unadjusted allocationsto fit my State budget?

There areanumber of approachesyou can use. Inthissection, wewill describe an approach
that assumesthat both electric generating units (EGUs) and industrial and institutional turbines and
boilers (non-electric generating units, or “non-EGUS”) receive NOx allowance all ocations based on
output. Under thisapproach, you would keep separate * sector” budgetsfor el ectric generating units
and for non-EGUs. Then the total NOx allowances allocated to all sources within each sector must
be equal to the sector budgets for each facility type. If you include electric generating systems that
arenot fossil fuel-fired (e.g., non-emitting el ectric generating systems), you would count allowances
for those generating systems against the electric generating unit sector budget.

Under this approach, you would:

1 Add up al unadjusted allocations for an entire sector.

2. Divide the unadjusted alocation for each unit (or non-emitting generating system) in the
sector by the total unadjusted allocations for the sector.

3. Multiply that fraction times the sector budget.

Example. Adjusting alocations in a sector budget; each sector using both thermal and electric
output

The State of Columbiahasan EGU sector budget of 2722 tons and anon-EGU sector budget
of 278tons. Thetotal State budget for sourcesin thetrading program is 3000 tons. This State does
not have any set-asides for new units or energy efficiency and renewable energy. The State hasthe

following sources with the following unadjusted allocations:
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Tablel1-2: Unadjusted NOx Allowance Allocations

and Supporting Output Data for the EGU Sector

Name of electric generating | Baseline electric Baselinethermal | Unadjusted
unit output (MWh) output (mmBtu,,) | allocation

(tons)
Deep River Unit 1 1,506,278 1130
Deep River Unit 2 400,916 301
Megawatt Station GT-1 147,982 111
Central Power Unit 1 605,739 455
Centra Power Unit 2 971,545 729
Journeytown Cogen CT-1 120,013 601,956 162
EGU Sector total: 2888

Tablel1-3: Unadjusted NOx Allowance Allocations
and Supporting_j Output Data for the Non-EGU Sector

Name of non-electric Baseline thermal Baseline electric Unadjusted
generating unit output (mmBtu,,) | output (MWh) alocation

(tons)
Chemical Plant Unit 1 1,286,576 154
Columbia Paper Boiler 1 283,400 16,607 46
Petro Oil Unit 1 708,037 85
Non-EGU Sector total: 285

Therewill be somedifferencesinindividual unit allocationsintroduced by changing the unit
allocations from a heat input basis to an output basis. These changes will vary depending on how
efficient a particular unit is.

The electric generating unit allocations add up together to 2885 allowances. However, the
EGU sector budget is only 2722 tons. Each electric generating unit’s allocation will need to be
adjusted downward in proportion to each unit’s share of the total allowances. For example, you

would cal culate the adjusted alocation for Journeytown Cogen CT-1 this way:

Final EPA Guidance Document
May 8, 2000

Developing and Updating Output-Based

Page 35 NOx Allowance Allocations



Section 11.D.: How do | adjust the unadjusted allocations to fit my Sate budget?

Adjusted

Allocation = éUnadjusted Allocation for Unit/Generatorl)(Sector Bud et) _
" & Sector Unadjusted Allocation Total 99

@162tons ¢
gmsa[ 2722 tons] = 153tons

The next table shows the unadjusted and adjusted NOx allowance allocationsin the electric
generating sector using this same calculation:
Tablell-4: NOx Allowance Allocationsfor the EGU Sector, Adjusted by Sector

Name of electric generating unit Unadjusted allocation | Adjusted allocation
(tons) (tons)
Deep River Unit 1 1130 1064
Deep River Unit 2 301 284
Megawatt Station GT-1 111 105
Central Power Unit 1 455 429
Central Power Unit 2 729 687
Journeytown Cogen CT-1 162 153
EGU Sector total: 2888 2722

In calculating adjusted allocations, tonnages are rounded up or down to the whole allowance.
Generally, afractional tonnagethat is 0.5 or higher isrounded up; afraction ton that islessthan 0.5
is rounded down. However, the rounding must be done in away that ensures that the total of the
adjusted allocations equal s the sector total. This meansthat you may not alwaysfollow the general
rule for rounding.

Y ou cando similar cal culationsto determinethe adjusted all ocationsfor the unitsin the non-
EGU sector. Note that in this sector, the unadjusted total allocation for the sector is less than the
non-EGU sector budget; adjusting the all ocations gives each source alarger adjusted all ocation than
unadjusted allocation. Hereisthe example calculation for Petro Oil Unit 1:
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Adjusted

e 85tons §
Allocation = g285t

z[278 tong = 83 tons

Here are the unadjusted and adjusted NOx allowance allocations in the non-EGU sector:
Tablel1-5: NOx Allowance Allocations for the Non-EGU Sector, Adjusted by Sector

Name of non-electric generating Unadjusted allocation Adjusted alocation (tons)
unit (tons)

Chemical Plant Unit 1 154 150
Columbia Paper Boiler 1 46 45
Petro Oil Unit 1 85 83
Non-EGU Sector total: 285 278

Note that in the example, if the State of Columbia had a 2% new source set-aside, then the
number of allowances for allocations would be 2% less. In that case, the number of alowances to
go to the EGU sector would add up to 2668 tons (98% of 2722, rounded up) and the number of
allowances for the non-EGU sector would add up to 272 tons (98% of 278 rounded down). Inthe
formulaabove, these smaller tonnage valueswould be used asthe“ Sector Budget” when cal cul ating
the adjusted allowance allocations.

There is sample rule language to support this approach in Cases 2 and 4 of Appendix A to
thisdocument. Case 2 assumesaninitial allocation based upon heat input for both EGUs and non-
EGUs with updated allocations based upon output. Case 4 assumes both initial and updated
alocations based upon output for both EGUs and non-EGUs. Both of these cases assume that

allocations are adjusted separately to fit each sector’s budget.

Comparison of allocations under different approaches
Another possible approach to adjusting NOx allowanceall ocationswoul d beto allocate NOx

allowances to each unit (or non-emitting generating system), and then you would adjust the total
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NOx allowances allocated to all trading sources within the State so that they equal the State trading

budget. Under this approach, you would:

1 Add up all unadjusted allocations for sourcesin the trading program.

2. Divide the unadjusted alocation for each unit (or non-emitting generating system) in the
sector by the total unadjusted allocations in the trading program.

3. Multiply that fraction times the trading program budget.

Wechosenot toimplement thisapproachto NOx allowanceallocationsin EPA’ ssection 126
rulemaking. We concluded that adjusting all ocations within the sector budgetswas consistent with
the original levels of emission control that we selected for each sector:

(1) An average NOx emission rate of 0.15 Ib/mmBtu for EGUs and

(2) An average NOx reduction of 60% for non-EGUS, corresponding to an average NOx emission
rate of 0.17 Ib/mmBtu.

In contrast, wefound that allowanceswould movefrom the non-EGU sector to the EGU sector under
an approach where unadjusted allocations are adjusted to fit the entire trading budget. This means
that non-EGUsreceive allocations based on a stricter standard than originally selected, while EGUs
receive allocations at a dightly less stringent standard.

Hereis a summary of the final adjusted allocations for each unit under the two different
approaches for allocation adjustment: adjustment by source sector and adjustment to the entire
trading budget.
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Tablell-6: NOx Allowance Allocations for Trading Sourcesin Columbia,
by Method for Adjustment

Name of source Adjusted allocation, Adjusted allocation,
adjusted by source sector | adjusted for the entire
(tons) trading budget (tons)
Electric generating units
Deep River Unit 1 1064 1069
Deep River Unit 2 284 285
Megawatt Station GT-1 105 105
Central Power Unit 1 429 430
Centra Power Unit 2 687 689
Journeytown Cogen 153 153
CT-1
EGU Sector subtotal: 2722 2731

Non-electric generating units

Chemical Plant Unit 1 150 146
Columbia Paper Boiler 1 45 43
Petro Oil Unit 1 83 80
Non-EGU Sector subtotal: 278 269
Trading Budget total: 3000 3000

Y ou may also want to compare these output-based allocations to the allocations cal cul ated
in the next section, “How should | set up allocations if | choose to alocate to some sources based
on output and to other sources based on heat input?’ (pp. 40-43). In that section, the electric
generating unitsreceive allocations based on output, while the non-electric generating unitsreceive
allocations based on heat input. That section also considers adjusting allocations by sector and for
theentiretrading budget. A major difference between the heat input-based all ocation and the output-
based allocation for non-electric generating units is that the cogeneration facility Columbia Paper

Boiler 1 receives higher allocations under an output-based approach. Thisreflectsthe cogeneration
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unit’s greater efficiency.
E. How should | set up allocationsif | chooseto allocate to some sour ces based on output and
to other sources based on heat input?

Y ou can keep separate sector budgets for sources receiving allocations based on heat input
and a separate sector budget for sources receiving allocations based on output. Then the total NOx
allowances allocated to all sources within each sector must be equal to the sector budget. This
approach may be appropriateif you allocate allowancesto el ectric generating units based on output,
and to non-electric generating units based on heat input. Itisalso possibleto have afew individua
unitswithin asector receiving unadjusted allocations based on heat input, while other unitsreceive
unadjusted allocations based upon output. This approach may be appropriate if you have a few
individual units that cannot be monitored for output, but most units in the State can be monitored
for output. EPA believesthat all electric generating units should be able to monitor their output.
In addition, all non-electric generating units can measure their heat input.

Unadjusted allocation of allowances using heat input

For a non-electric generating unit, the formulafor calculating an unadjusted allocation using heat

input is:
_éHeat input (fuel usage) used during (
. . 20.171bNO, 0gpasdline period, in mmBtu U
Unadjusted Allocation = ia U
MMBLU,, o o & & 2000 Ib/ ton u
€ u
Eq. 6

In general, you will round the allocation up or down to the nearest whole ton.

Fitting unadjusted allocations to a sector budget

To adjust the allocations, you would:

1 Add up al unadjusted allocations for an entire sector.

2. Divide the unadjusted alocation for each unit (or non-emitting generating system) in the
sector by the total unadjusted allocations for the sector.

3. Determine the fraction of the total number of allowances for each unit (or non-emitting
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generating system) in the sector, and then multiply that fraction times the sector budget.

Example. Adjusting allocationsin asector budget; one sector using heat input, another using output

The State of Columbiahasan EGU sector budget of 2,722 tonsand anon-EGU sector budget
of 278tons. Thetotal State budget for sourcesin thetrading program is 3000 tons. This State does
not have any set-asidesfor new units or energy efficiency and renewable energy. Columbiahasthe
same EGUswith the same el ectric output asdescribed in the previoussection |1.D., “How do | adjust
the unadjusted allocations to fit my State budget?’ (pp. 34-40).

The electric generating unit allocations add up together to 2880 allowances. However, the
EGU sector budget is only 2722 tons. Each electric generating unit’s allocation will need to be
adjusted downward in proportion to each unit’'s share of the total allowances going to electric
generating units, as described in the first example in the previous section 11.D. (pp. 34-40)

The non-EGUsin Columbia have the following unadjusted allocations and heat input data:

Tablell-7: Unadjusted NOx Allowance Allocations
and Supporting Heat I nput Data for the Non-EGU Sector

Name of Non-electric Generating Unit | Baseline Heat Input Unadjusted Allocation
(mmBtu heat input) (tons)

Chemical Plant Unit 1 1,715,435 146

Columbia Paper Boiler 1 400,094 34

Petro Oil Unit 1 874,120 75

Non-EGU Sector total: 255

Y ou can do calculations to determine the adjusted allocations for the unitsin the non-EGU
sector. Notethat inthissector, the unadjusted total alocation for the sector islessthan the non-EGU
sector budget; adjusting the allocations gives each source a larger adjusted allocation than the
origina unadjusted allocation. Hereisthe example calculation for Petro Oil Unit 1.

Adjusted
& 75tons §

Allocation = & oeE tonss [278 tond = 82 tons

Calculation #7
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Here are the unadjusted and adjusted NOx allowance alocations in the non-EGU sector:
Tablell1-8: NOx Allowance Allocations for the Non-EGU Sector Based on Heat | nput

Name of Non-€electric generating Unadjusted Allocation Adjusted Allocation (tons)
unit (tons)

Chemical Plant Unit 1 146 159
Columbia Paper Boiler 1 34 37
Petro Oil Unit 1 75 82
Non-EGU Sector total: 255 278

There is sample rule language to support this approach in Cases 1 and 3 of Appendix A to
thisdocument. Case 1 assumesaninitial allocation based upon heat input for both EGUs and non-
EGUs with updated allocations based upon output for EGUs and based upon heat input for non-
EGUs. Case 3 assumesbothinitial and updated all ocationsbased upon output EGUs and based upon
heat input for non-EGUs. Both of these cases assume that allocations are adjusted separately for
each sector’ s budget.

Allocation to individual sources based upon heat input

Y ou a'so could calcul ate an all ocation based upon heat input for one or moreindividual units
in asector (or in the entire trading budget) while the rest of the sources receive an allocation based
upon output. Y ou would use the factor of 0.17 [b/mmBtu input times the baseline heat input for
those individual sources to calculate their unadjusted allocation. Other sources would have their
unadjusted allocations calculated based upon the factors of 1.5 Ib/MWh times baseline electric
generation and 0.24 |b/mmBtu™ output times baseline thermal output. Y ou would then adjust these
unadjusted allocations to fit the size of each sector. However, if you do not treat all sources the

same, you and companiesin your State may be concerned about equity. Y ou do not want asituation

1 This factor assumes that sources monitor thermal output using the boiler efficiency
approach, as described in section VI (pp. 68-69, 84-91, and 124-137). If you require sources to
monitor thermal output using the simplified approach, instead use the factor 0.22 Ib/mmBtu
output for thermal output.
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where relative inefficient sources may receive their alocations based upon heat input, while
relatively efficient sourcesreceivetheir allocations based upon output. Therefore, you may want to
consider this source-by-source approach only as alast resort for cases where you judge that output

monitoring is unduly expensive for a particularly complicated source.
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[11. Applicability: For which kinds of facilities does this guidance help me develop output-
based allocations?

This guidance will assist you in developing and updating output-based allocations from the
core source categories included in the model NOx trading rule under the NOx SIP call:

. fossil fuel-fired electric generating units serving a generator greater than 25 MWe, and

. fossil fuel-fired non-electric generating units (industrial or institutional boilersand turbines)

with adesign heat input greater than 250 mmBtu/hr.

If you join the NOx Budget Trading Program under the NOx SIP call, you will be controlling NOx
emissions from these categories of units. Y ou also may choose to include other facilities in your
State’s NOx Budget Trading Program. Note that if you allocate allowances to sources other than
fossil fuel-fired el ectric generating units, non-emitting el ectric generating systems, or fossil-fuel fired
non-el ectric generating units, thismay extend thereview timeof your SIP. Thisisbecausetheremay
be monitoring and applicability issues that need to be resolved before we can administer atrading
program for other types of facilities.

This guidance will allow you to develop output-based allocations and update them for the
following types of facilities:
< Fossil fuel-fired electric generating units.
< Non-emitting el ectric generating systems. Thisincludesnuclear power plants, hydroelectric

plants, wind power plants, geothermal power plants, and power plants using most other

renewabl e energy resources.

< Non-fossil fuel-fired boilers (both electric generating and non-electric generating).

< Most industrial or institutional boilers and turbines that produce steam or hot water astheir
forms of thermal output.

< Cogeneration facilities that produce steam or hot water and electricity in sequence.

This guidance will not help you if you decide to allocate NOx allowances to facilities that
produce output in formsother than electricity, steam, or hot water. For example, thiswould include:
< Industrial boilers that use hot exhaust gases to dry a manufacturing product, such as paper.
< Process heaters where hot exhaust gases are used to heat materials as part of the

manufacturing process. Cement kilns, glass manufacturing, chemical production, and
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production of iron, steel, or other metals may fall into this category.
< Industrial sources that produce mechanical work, such as gas compressors or internal
combustion engines.
< Nitric acid plants.
Quantification of output from these sources may be very dependent upon theindividual processand
could require a case-by-case procedure for determining outpuit.
Y ou may, but do not need to, allocate NOx allowances based on output to all facilitiesin the
NOx Budget Trading Program in your state. For example, you could issue NOx allowance
alocationstofossil fuel-fired el ectric generating units based on output and issue all ocationsto fossil
fuel-fired non-electric generating unitsbased on heat input (that is, fuel usage, inmmBtu). Y ou may
find it isuseful to have the flexibility to issue allocations on a different basis for different kinds of

facilities.
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V. Level of Allocations: Should | allocate to units, to generators, or to entirefacilities?

In theory, any of these approaches are possible. However, there are practical reasons for
choosing to allocate NOx allowances to unitsor to entire facilities. For administrative reasons, we
believeit may be simplest to allocate NOx allowancesto units. Alsotakealook at sectionV of this
guidance document, “Where should sources determine output to be used for allocations?’ as you
consider thisissue (pp. 49-54).

In this discussion and throughout this document, a unit is an individual combustion device
such as an individual boiler or combustion turbine. A facility isaplant. A facility may have more
than one unit, more than one generator, or more than one configuration of units and generators that
are connected. In many cases, there is one and only one unit for each electric generator, but there
are also other configurations that are more complicated.

A. When isit appropriateto allocate to units?

In general, we think it is ssmplest to allocate NOx allowances to units for administrative
purposes. In particular, we suggest that you allocate NOx allowances to units and not to entire
facilitiesor generatorsif you chooseto all ocate based upon grossoutput. For non-electric generating
units, gross output can be measured for each unit. For electric generating units, the gross electric
output is actually measured from the generator rather than the attached unit (boiler or turbine).
However, for units in existing cap and trade programs, our NOx Allowance Tracking System has
allowance accountsfor unitsand plants, but not for generators. Therefore, webelieveit would cause
unnecessary administrative work, expense, and potential confusion to create new accounts for
generators. If you wereto calculate allocations using data from generators, you still would need to
send allocations to EPA that are assigned to units or entire plants.

In afew cases, morethan one unit (boiler or turbine) may serve asingle generator or asingle
unit may serve more than one generator. In this situation, we recommend that you or the owners or
operators of the units find a simple way to apportion generation from all of the generatorsto all of
their associated units. One simple approach would be to divide the total generation by the number
of hours that each unit combusted fuel, or by the number of operating hours times the nameplate
capacity of each unit. Another simple way would be to apportion the allowances based on the heat
input combusted by each unit.
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B. When isit appropriateto allocate to entire facilities?

Y oumay want to allocate NOx allowancesto an entirefacility if you chooseto all ocate based
upon net output. In general, power plants keep track of the net electric output leaving the plant.
Some power plants measure net output either directly from the entire plant or from individual units.
Other plants calculate the net electric output for the entire plant but do not measure the net output
directly and do not determine the net output from individual units.

EPA has concluded that it is possible to keep plant level allowance accounts. These are
currently built into the NOx Allowance Tracking System as “overdraft” accounts. Therefore, it is
possible for a State to specify that all allowance allocations for afacility go into an account for the
entirefacility. However, each unit must still comply, and EPA will determine compliance at the unit
level. Therefore, the owners and operators of the facility will be responsible for distributing
allowances among the unit compliance accounts. Based on our experience implementing the OTC
NOx Budget Program, we found that some sources made errorsin distributing their allowances to
their compliance accounts. Thus, we believe it would be ssmpler for sources and for EPA’s
administration if you initially allocate NOx allowances to units, rather than to facilities.

Inaddition, if you calculate plant level accounts, there may be some situationswhere one unit
at afacility isnot in the NOx Budget Trading Program under the NOx SIP call while another unit
is. Inthiscase, it will be necessary to subtract the output from the unit that is not in the program
from the total plant output in order to obtain the output for the unitsin the program.

Y ou may want to consider whether the companies in your State have concerns about unit
ownership before allocating NOx allowances at the plant level. In some cases the same plant will
have different owners of different units. An owner of one unit may not have say in how the unitis
operated if another owner or operator controls the units at the plant. It is also possible to have
ownership conflictsconcerning aunit if there are multiple owners, so allocating at the unit level may
not necessarily avoid al potential ownership conflicts. However, in many cases, al unitsat aplant
have the same owner, and thisis not an issue.

C. When isit appropriateto allocate to generator s?
We suggest that you allocate NOx allowances to generators only if you intend to allocate

allowancesto non-emitting el ectricity generating systems. Thiscould include nuclear power plants,
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hydroel ectric plants, wind power generators, geothermal generators, or other generatorsof electricity
that do not emit NOx. If you includein your trading program boilers or turbines that emit NOx but
that are not fossil fuel-fired, you should treat them as NOx Budget units subject to all requirements

under the trading program (including compliance).
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V. Wher e should sour ces deter mine output to be used for allocations?
A. Why does it matter wher e sour ces measur e their output?

The major policy reason for using output-based emission limitations is to encourage
producing useful products for sale while creating less emissions. This also encourages efficiency,
in an environmental sense. Depending on where one measures or cal culates output in aprocess, the
output value will be farther from or closer to linking emissions to the useful product made by the
process. Different locations for determining output have different implications for monitoring and
reporting of output data and for the kinds of incentives sources will receive.

Some State environmental agencieshave showninterest in all ocations based upon net output
because, theoretically, they would encourage sources to create the same useful output more
efficiently and with less pollution. For example, the Massachusetts Department of Environmental
Protection has stated:

An important goal of the output-based allocation is to minimize the resources

necessary to produce a unit of useful output. 1n the case of electricity generation,

thisrequiresmaximiz ng the efficiency of plant generation and minimizing theenergy
required for plant use and pollution control, since the useful output of an electricity
generator is the unit of electricity that enters the wholesale electricity market....

(January 12, 2000 Comments on EPA's Draft Guidance for States Joining the NOx

Budget Trading Program under the NOx SIP Call)

In principle, to create the closest link between emissions and useful products for sale,
companies would measure or determine the product that they sell astheir output. For example, the
owner of a power plant would measure the electricity that the owner sells to the interstate electric
grid. Theamount of electricity that the company sellsdoes not include power used insidethe plant™

or power losses, such as:

2For a power plant, typically three to six percent of the gross output from the generator
terminalsis used internally, depending on the emission controls used at the unit. Auxiliaries and
pollution control equipment could consume as much as twelve percent of gross output.
Information provided in “Measurement Of Net Versus Gross Power Generation
For The Allocation Of NOx Emission Allowances,” January 27, 1999, paper by FirstEnergy
Corp.
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. Auxiliaries loads related to electric generation, such as fuel handling and preparation
equipment, pumps, compressors, motors, and fans

. L oad used to operate pollution control devices

. House loads (loads used inside the plant to operate the building, such as electricity used to
light the plant or to run office equipment inside the building)

. Energy lost by the boiler or steam turbine as el ectricity is generated

Therefore, the location for determining output that would seem to link the useful electricity sold to

the emissionsproduced asdirectly aspossiblewould be at the connection where power istransmitted

and sold from the plant to the grid (net electric output). A boiler at the power plant could combust

the same amount of fuel and produce the same amount of emissionswhile increasing the amount of

electricity sold if the company can reduce the amount of power used inside the plant.

Electric output measurements do not need to account for:

. Line losses

. End use efficiency outside the plant

Although these losses ultimately have an impact upon emissions, the company probably has little
or no control over these factors outside the plant. Therefore, we focus on controlling the source of
the emissions-the boiler or turbine combusting fuel.

In the case of industrial boilers, aboiler makes an intermediate product, steam or hot water,
that then is used in making the final product. There are alarge number of industrial processes and
products. In thisdocument, we simplify measuring output from industrial boilers by measuring the
thermal output of the steam or hot water from the boiler. 1n some cases, steam from aboiler issold
commercially. However, more often, the thermal output is a proxy for the fina product for sale,
whether it is paper, chemicals, or refined oil.

Keep in mind that the ultimate purpose of an output-based emission limitation for an
industrial boiler should be to encourage making products with less pollution. Thus, you are not
simply trying to encourage boiler (energy) efficiency, but encouraging the environmental efficiency
of producing thermal output which isthen used to make afinal product for sale. Industrial boilers
also havelosses (waste heat) and heat used inside the plant for purposesthat do not producethefinal

product being sold. Theseinclude:
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. Auxiliaries thermal loads related to thermal energy generation, such as pumps or
COMpPressors

. Thermal output used for air or feedwater preheating

. Houseloads (heat used insidethe steam houseto operatethe building and to generate thermal
energy)
. Energy lost from the boiler or from pipes carrying steam or water

|deally, acompany would measure the thermal output after al these are removed, at the point that

steam or hot water is used to make the final product.

In some cases, plants do not directly measure the net output used in creating a product.
Instead, they might determine the net output by:

1 First, measuring the gross electric output at the generator terminals or the gross thermal
output coming directly from the boiler header.

2. Then, measuring power or steam or hot water used inside the plant for auxiliaries, pollution
control devices, thermal recover, houseloads, or any other usethat doesnot actually produce
the product generated for sale.

3. Finally, subtract all the power or steam or hot water listed under number 2 above from the
gross output listed under number 1 above.

Also, in some cases, it is much easier to calculate the electricity or thermal energy at a point inside

the plant instead of directly measuring it. For example, acompany may chooseto calculate thermal

energy in a high-pressure steam pipe rather than opening it in order to install measurement
equipment.

For companies receiving NOx allowance allocations, the location where they determine
output that you will use for allocations matters because the location affects the size of the output
valueandtherefore, thesizeof their allocation. Inaddition, thelocation wherethey determine output
may have existing monitoring equi pment or may require new monitoring equipment, and thus cause
greater or less expense in monitoring output.

B. What arefactorsl should consider befor edeciding on thelocation wher e sour cesdeter mine

output?

Although the State environmental agencieswe have worked with have expressed interestin
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using net output as the basis for allocations, you may choose a different approach. Here are some
addition factors you may want to consider as you make your decision.
Monitoring considerations

In some cases, it can be difficult to measure or even to calculate net output without adding
asignificant, and expensive, amount of monitoring equipment. For example, if a series of boilers
isconnected to several interconnected steam headerswith anumber of pipestaking off steam for use
both as house loads and for making the end product, the company will have an extremely
complicated monitoring situation. For many old industrial boilers, it may be much easier for
companies to measure the gross thermal output coming straight from the boiler. In addition, itis
likely that industrial boiler owners already measure the grossthermal output, but it islesslikely that
they determine the net thermal output.

Asarule, power plants determine both their gross and their net electric output. They do not
necessarily measure both directly.

Gross output does not take into account factors of unit efficiency related to operating
auxiliary equipment and pollution control equipment. However, grossand net output both takeinto
account some factors of unit efficiency, such as. age of the unit; type of unit; operating practicesand
conditions; capacity factor; and the need to follow customer demand for electric generation. Thus,
allocationsbased upon grossoutput still providessomeincentivefor improving efficiency, compared
to allocations based upon heat input.

Power companies generally measure gross electric output from each electric generator.
For most plants, there is one and only one generator for each unit, so usually you can link gross
output measurements to a unit. However, there are some cases where there are multiple units
(boilers) associated with asingle generator, or aunit associated with more than one generator. This
may have an impact on how you decide to allocate allowances.

Net electric output may be measured either for an entire plant or for individual generators,
depending on thefacility. Some plants measure gross output and auxiliary usage and then calculate
net output, rather than measuring net output directly.

For some conventional power plants, net electric output is more difficult to determine than

grosselectric output. For cogenerators, grossthermal output may be more difficult to measure than
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net thermal output because part of the steam is diverted to generate electricity.
Sources of output data

Some data sources provide only gross generation or only net generation, but not both. For
example, the electric generation data that utilities report to EPA currently are only gross electric
output data. The el ectric generation datathe utilitiesreport to the Energy Information Agency (EIA)
onform 759 are net electric output data. Thus, consider the data source you want to use at the same
timethat you decide whether to use gross or net output. (Seesection VIII., “Wheredo | get the data
for an output-based allocation?’, pp. 163-166)

Encouraging specific NOx control strategies

Using net generation asabasisfor allocationswill tend to benefit facilitiesthat burn cleaner
fuels or that do not burn fuel at all. Net output, or output that excludes power used to operate
pollution control equipment, may encourage pollution prevention more than gross output, or output
that includes power going to pollution controls.

However, if you do not want to discourage sources from installing add-on pollution
controls®, you may want to include the power used to operate pollution control equipment as part
of the calculation of output used in allocations. Consider an example where one coal fired-unit has
ascrubber and asecond coal-fired unit of similar size, type, and fuel usage does not have a scrubber.
If the power used to operate the scrubber is not included in your cal culation of output, the unit with
no scrubber will receive alarger allocation. If the power used to operate the scrubber isincluded in
your calculation of output, both units will receive the same size alocation.

C. How could I incor por ate the concept of the location for determining output into my State
rule?

Y ou could describe whether you are basing allocations based on gross or net output. Y ou
also could use some variation of net or gross output that includes or excludes certain uses of power
or steam within the plant. For example, you could define electric output to include power sold to

thegrid and power used to operate pollution control equipment. Y ou also should define grossoutput

3 The United Mine Workers of America have claimed that there can be significant social
costs for policies that discourage retrofit controls and cause unemployment among coal miners.
Minutes of the Updating Output Emission Limitations Workgroup, Thursday, March 25, 1999.
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or net output. Thiswill help ensurethat all facilities are clear what information they need to report
and will treat different facilities as equitably as possible. See section V.A., “Why does it matter
where sources measure their output?’ and the definitionsin Appendix A for descriptions of net and
gross output (pp. 49-51, 171-172).

You aso will need to have consistent monitoring and reporting requirements. Also, see
sections V1., “Where do facilities measure electric and thermal output?’ and VI1I,”How should
sourcesmonitor, record, and report output datato support updating output-based allocations?” inthis
guidance document (pp. 55-141, 142-162).
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VI1: Monitoring locations: Where could facilities monitor electric and thermal output?
A. Wher e should output measurement equipment be installed?

Thiswill depend on the type of output to be measure: gross or net; and electric or thermal.
Monitoring for both plant and unit level output should be similar with the only difference being how
the measured output is apportioned and reported. In addition, the locations for monitoring vary
based on the type of facility.

Conventiona power plants (non-cogeneration) will measure, and will receive allocations
based on, electric output only. These conventional power plants will not need to measure any
additional thermal energy for the purposes of supporting datafor allocations, because conventional
power plants use thermal energy to produce electricity, rather than for other useful purposes. Steam
generators (industrial or institutional boilers and turbines that do not generate electricity) will
measure, and will receive allocations based on, thermal output only. Steam generatorswill not need
to measure any electric output for the purposes of supporting data for allocations.

Facilities that produce both electricity and steam or hot water as useful outputs will need to
measure both thermal and electric output. Most of these are cogeneration facilities, also called
combined heat and power (CHP) facilities. Cogeneration facilitiestend to be more efficient because
they produce thermal output and electric output in sequence, from the same heat input. 1n order to
determine net output, facilities producing both kinds of output will need to account for parasitic and
house loads for both electricity and steam or hot water. Cogeneration facilities can be classified
either asel ectric generating unitsor asnon-el ectric generating units, depending on the characteristics
of the unit and the associated generator.

In section VI, we provide tables that describe which locations a source would monitor,
depending on the type of output and the type of facility (pp. 58, 62, 73, 83, 96-101, and 118-123).
The tables describe how to monitor both net and gross electric and thermal output. They also
describe monitoring locationsfor conventional power plants where acompany would measure only
electric output; for steam generators where a company would measure only thermal output; and for
cogenerationfacilitieswhereafacility would measure both thermal and electric output. Ineach case,
we provide a “primary approach” for measuring a type of output. This is the approach that we

understand sourcesaremost likely to use. Inaddition, we provide alternative approachesin caseyou
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wish to provide extra flexibility that will allow sources to use existing equipment for monitoring
output.

In addition, we provide six simplified diagrams that picture the points for measuring
electricity and thermal energy at six different types of facilities you are likely to seein your State:
aconventional power plant; asteam generator; asteam generator that hasalinefor reheating steam;
a steam cogenerator; a combustion turbine cogenerator; and a combined cycle cogenerator with a
secondary el ectric generator after the heat recovery steam generator. Keepinmind that in many real
plants, there may be several placesin aplant that are represented with asingle point in the diagram.
Thus, output monitoring for some plants may be more difficult and expensive that it appears from
these simplified diagrams. However, the diagrams will help you understand the types of locations
that a source may need to monitor for output.

In section V1.B., “How could sources monitor electric output only at aconventional electric
power plant?’ (pp. 60-67), we describe monitoring locations for electric output from conventional
power plants (non-cogeneration). These are similar to the monitoring locations for electric output
from cogeneration facilities, which are discussed below in section VI.D., “How could sources
monitor electric and thermal output at a cogeneration facility?’ (pp. 92-137).

Insection V1.C., “How could sources monitor thermal output at asteam generator?’ (pp. 68-
91), we describe monitoring locations for thermal output only from industrial and institutional
boilers (non-cogeneration). This section also describes two different approaches to monitoring
thermal output: the Simplified Approach and the Boiler Efficiency Approach. The monitoring
locations and possibly some equipment are different for thermal output under the two approaches.
The boiler efficiency approach utilizes the traditional engineering approach to measuring thermal
output where the thermal output is measured using an energy balance around the boiler or system
to determine the energy transferred to the steam from combustion. The simplified approach
measures thermal output in a single location, using a generic value for the energy returning to the
boiler or system in boiler feedwater return or make up water as part of the allocation factor, rather
than requiring measurement of the boiler feedwater return or make up water. This section explains
how to monitor thermal output using the two approaches and explains why you might prefer one

approach over the other.
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In section VI.D., “How could sources monitor electric and thermal output at a cogeneration
facility?” (pp. 92-137), we describe how to monitor both electric and thermal output from three
common typesof cogeneration facilities: steam cogenerators, combustion turbine cogenerators, and
combined cycle systems. We describe how to monitor thermal output under both the simplified
approach and the boiler efficiency approach.

TableVI-1summarizesthe most common approachesto monitoring output (pp. 58-59). The
most common approaches and alternative approaches are discussed below indetail in sectionsV1.B,
VI.C., and VI.D.
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TableVI-1: Summary of Most Common Approachesto Monitoring Output

If you look at and you require this type of output there are more and this is the most common approach to monitoring output

. . _ - f
Conventional power net electric VI1.B.1 (pp. 63-65) Measure electric power sold and power used in a useful process, less any incoming electricity provided to
plant (Figure 1, p. the plant during operation of the generator
61)

gross electric V1.B.2 (pp. 65-66) Measure electric power at the generator terminals

Steam generator net thermal (by simplified approach) VI.C.1 (pp. 74-76) Measure thermal energy sold and thermal energy going into a useful process
(Figures 2 and 3, pp.
71, 81,72, 82) gross thermal (by simplified approach) VI.C.2 (pp. 76-78) Measure thermal energy leaving the boiler

net thermal (by boiler efficiency approach) V1.C.3 (pp. 84-86) Measure thermal energy sold and thermal energy going into a useful process, less any thermal energy
returned to boiler in boiler feedwater, make up water, or steam return for reheating

gross therma (by boiler efficiency VI1.C.4 (pp. 87-89) Measure thermal energy leaving the boiler, less any thermal energy returned to boiler in boiler feedwater,
approach) make up water, or steam return for reheating
Steam cogenerator net electric VI.D.l.aand VI.B.1 Measure el ectric power sold and power used in a useful process, less any incoming electricity provided to
with process use of (pp. 63-65, 102) the plant during operation of the generator
steam downstream of
the steam turbine gross electric VI.D.1lband VI.B.2 Measure electric power at the generator terminals
(Figure 4, pp. 93, (pp. 65-66, 102)
115)
net thermal (by simplified approach) VI1.D.2 (pp. 102-105) | Measure thermal energy sold and thermal energy going into a useful process
gross thermal (by simplified approach) VI1.D.3 (pp. 105-109) | Measure thermal energy exiting the steam turbine
net thermal (by boiler efficiency approach) VI1.D.4 (pp. 124-128) | Measure thermal energy sold and thermal energy going into a useful process, less any thermal energy
returned to boiler in boiler feedwater, make up water, or steam return for reheating
gross thermal (by boiler efficiency VI1.D.5 (pp. 128-132) | Measure thermal energy exiting the steam turbine, less any thermal energy returned to boiler in boiler
approach) feedwater, make up water, or steam return for reheating
Combustion turbine net electric VI.D.l.aand VI.B.1 Measure el ectric power sold and power used in a useful process, less any incoming electricity provided to
cogenerator (Figure (pp. 63-65, 102) the plant during operation of the generator
5, pp. 94, 116)
gross electric VI.D.1.band VI.B.2 Measure electric power at the generator terminals
(pp. 65-66, 102)
net thermal (by simplified approach) VI1.D.2 (pp. 102-105) | Measure thermal energy sold and thermal energy going into a useful process
gross thermal (by simplified approach) VI1.D.3 (pp. 105-109) | Measure thermal energy leaving the heat recovery steam generator (HRSG)

net thermal (by boiler efficiency approach) VI1.D.4 (pp. 124-128) | Measure thermal energy sold and thermal energy going into a useful process, less any thermal energy
returned to HRSG in boiler feedwater, make up water, or steam return for reheating

gross thermal (by boiler efficiency VI1.D.5 (pp. 128-132) | Measure thermal energy leaving the boiler, less any thermal energy returned to HRSG in boiler feedwater,
approach) make up water, or steam return for reheating
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If you look at

Combined cycle
cogenerator with
process use of steam
downstream of the
steam turbine
(Figure 6, pp. 95,
117)

and you require this type of output

net electric

there are more

VI.D.l.aand VI.B.1
(pp. 63-65, 102)

and this is the most common approach to monitoring output

Measure electric power sold and power used in a useful process, less any incoming electricity provided to
the plant during operation of the generator

gross electric

VI.D.1band VI.B.2
(pp. 65-66, 102)

Measure electric power at the generator terminals

net thermal (by simplified approach)

VI1.D.2 (pp. 102-105)

Measure thermal energy sold and thermal energy going into a useful process

gross thermal (by simplified approach)

VI1.D.3 (pp. 105-109)

Measure thermal energy exiting the steam turbine

net thermal (by boiler efficiency approach)

VI.D.4 (pp. 124-128)

Measure thermal energy sold and thermal energy going into a useful process, less any thermal energy
returned to HRSG in boiler feedwater, make up water, or steam return for reheating

gross thermal (by boiler efficiency
approach)

VI.D.5 (pp. 128-132)

Measure thermal energy exiting the steam turbine, less any thermal energy returned to HRSG in boiler
feedwater, make up water, or steam return for reheating

Steam cogenerator or
combined cycle
cogenerator with
process use of
superheated steam
upstream of the
steam turbine

net electric

VI.D.l.aand VI.B.1
(pp. 63-65, 102)

Measure electric power sold and power used in a useful process, less any incoming electricity provided to
the plant during operation of the generator

gross electric

VI.D.1band VI.B.2
(pp. 65-66, 102)

Measure electric power at the generator terminals

net thermal (by simplified approach)

VI.D.2 (pp. 102-105)

Measure thermal energy sold and thermal energy going into a useful process

gross thermal (by simplified approach)

VI1.D.3 (pp. 105-109)

Measure thermal energy leaving the boiler or HRSG, less any thermal energy entering the steam turbine

net thermal (by boiler efficiency approach)

VI1.D.4 (pp. 124-128)

Measure thermal energy sold and thermal energy going into a useful process, less any thermal energy
returned to the boiler or HRSG in boiler feedwater, make up water, or steam return for reheating

gross thermal (by boiler efficiency
roach

VI.D.5 (pp. 128-132)

Measure thermal energy leaving the boiler, less any thermal energy returned to HRSG in boiler feedwater,
make up water, or steam return for reheating and less any thermal energy entering the steam turbine
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

B. How could sources monitor electric output only at a conventional electric power plant?
Your State rule will require that electric generating facilities monitor either gross electric
output or net electric output. Monitoring net output isdescribed in section 1, “ Net Electric Output”
(pp. 63-65) and monitoring gross output is described in section 2., “ Gross Electric Output” (pp. 65-
66). Conventional power plants (non-cogeneration) will monitor only electric output. Table E-1
below (p. 62) describes|ocationsfor measuring el ectric output from aconventional power plant that
receives allocations based upon electric output only. Figure1 below (p. 61) isasimplified diagram
pi cturing the measurement points described bel ow at aconventional power plant. Cogeneration units
which generate both el ectric output and thermal output are discussed below in Section VI.D., “How
could sources monitor electric and thermal output at a cogeneration facility?’ (pp. 92-137). Inall
cases below except those that specifically state otherwise, we assume that the measured output is

recorded in a datalogger or computer on an hourly basis.
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FIGURE 1: Electric Generator
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Table E-1, Monitoring Electric Output Only from an EGU

Overadl System
Description

In this column are the

various systems

associated with boilers

Possible Monitoring L ocations

In this column are the specific points
which might need to be monitored
under different approaches.

Net Electric Output

Gross Electric Output

The letter in the first column

: Net measured Gross less Gross measured | Measure net plus
and electric generators | corresponds to letters used on the directly parasitic and directly parasitic and
as defined in the associated diagrams (Primary) house loads (Primary) house loads
diagrams.

Column 1 2 3 4 5 6 7
Electric Generation GE Electric power measured at -- Measure(+) Measure (+) -
generator terminals
SE Electric power leaving plant to Measure (+) -- -- Measure (+)
electric grid
UE Useful electric power (i.e., Measure (+) Measure (+)
purposes other than sale,
transmission to the grid, or
generation of electricity)
Electricity Used on Site OEO | Electric power for generation Measure (-) Measure(-) -- Measure (-)
Not Generated by the coming from grid or other power
Facility source to plant during operation
OEN | Electric power coming from grid | -- -- -- --
or other source during non
operation
L osses Associated with PE Parasitic electric loads -- Measure or use -- Measure or
Electrical Generation estimates which estimate (+)
overstate loads (-)
HE House electric loads -- Measure or use -- Measure or
estimates which estimate (+)

overstate loads (-)
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

1. Net Electric Output.

Monitoring equipment locations are described in Table E-1, columns 4 and 5 for EGUs monitoring
only net electric output (p. 62).

Primary approach a. Measuring net el ectric output directly. For a source required to monitor net electric

output only, the output monitoring system would monitor the amount of electricity
sold, transmitted from the plant to the grid, or used for a purpose other than sale,
transmission to the grid, or generating €electricity at that plant', and any incoming
electricity provided to the plant from another source (See Table E-1, column 4).
Plants which sell electricity may use the billing meters for measuring electric sales
and should not be required to install additional output monitoring equipment for
record keeping purposes (i.e., datalogger or computer).

Enet - é- Eelect i é- Eelect

Electricity soldorused  Incoming electricity during
generator operation

Where:

E. isthenet electricity generated by the plant

Eqex iStheélectricity measured at each point

“Electricity sold or used” isthe number of places where electricity is sold or is transmitted
from the plant (Location SE in Figure 1) or is used in a process other than generating
electricity (UE in Table E-1)*°

“Incoming electricity during generator operation” is the number of places where the plant

41t is possible that a source would use electricity within the plant in a useful process,
such as operating industrial equipment to manufacture a product. This also should be measured
as net electric output. (Location UE in Figures 4, 5, and 6) As aguideline, if some electricity
used in the plant is used in the process of generating electricity, and if that electricity would not
be used if the generator were removed from the facility, then that electricity should not be
considered net electric output. For example, power used within a power plant to pulverize coal
so that electricity can be generated would not be net electric output.

15Same as footnote 14.
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

receives electricity from another source during operation of the generator (Location OEQ in

Figure 1)

Alternative b. Determining net electric output using gross output measurements. For a

source required to monitor net electric output which has gross output
monitoring equipment installed on the generator terminals but does not have
net output monitoring equipment installed, you may allow this source to
determine net output asthe gross output less all parasitic and house loadsand
less any electricity provided to the plant from another source while the
generator produces electricity (See Table E-1, column 5). (It should not be
necessary to measure electricity provided from another source while the
generator is not operating, when there is no gross generation.)
0 0 0
Enet = d Edect' d Eelect ) d Edect

Grossgeneraion  Parasitic and houseloads  Incoming eectricity during
generator operation

E.« isthenet electricity generated by the plant

Eqe I1Stheélectricity measured at each point

“Gross generation” is each location where the source measures gross electric directly.
(Location GE in Figure 1)

“Parasitic and houseloads’ is each |ocation where the source measures or determines|osses
of electricity from parasitic (auxiliary) or house loads. (Locations PE and HE in Figure 1)
“Incoming electricity during generator operation” iseach location where the source receives
power from outside the plant while the generator is operating. (Location OEO in Figure 1)

Specia case C. Both affected and non-affected units sharing a generator. |n some cases, sseam to a

generator is supplied by both affected and non-affected units, such as when fossil
fuel-fired and non-fossil fuel fired boilersfeed steam to the same generator. Itisalso
possible to have both affected and non-affected units located at a plant, where the
source measures net electric output for the entire facility. In the first case, the

company must develop an apportionment methodol ogy to determine the amount of
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

net electric output that is attributable to any affected units. In the second case, the

company could opt-in the non-affected boilers or could develop an apportionment

methodology. Several apportionment options exist including:

Apportion the el ectric output by steam energy supplied to the generator from
each unit, or supplied to all generators at the plant. Thisrequires monitoring
steam supplied to each generator from each unit.

Use unit heat input measured, recorded and reported using Part 75
procedures, Appendix F (i.e., stack flow monitor and diluent monitor or fuel
flowmetersfor gasand oil fired units). Notethat you will be able to use this
option if you measure heat input for individual units, but you will not be able

to use heat input measured at a common stack or acommon pipe.

2. Gross Electric Output.

Monitoring equipment locations for EGUs monitoring only gross electric output are described in
Table E-1, columns 6 and 7 (p. 62).

M easuring gross el ectric output directly. Inthe simplest and most common case, a

Primary approach a.

Alternative

facility which is required to monitor only gross electric output would measure the

output from the generator at the generator terminals (See Table E-1, column 6).

b.

Determining gross €l ectric output using net output measurements. Inthe case

where a facility has an existing output monitoring system for net electric
output but does not measure electric output at the generator terminals, the
gross output for this source may be estimated as either:

The sales of electricity using existing equipment (same as net electric output
and alwayslessthan grosselectric output). Under thisapproach, thereshould
be no additional requirement for data collections in a datalogger or data
acquisition and handling system (DAHYS), asthe billing measurement serves
asthe official record of output; or

The salesof electricity using existing equi pment plus any measured parasitic
or house electricload (See Table E-1, column 7). Under thisoption, asource

may need to install extra electrical measurement equipment.
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

Special case C.

Both affected and non-affected units sharing a generator. If steam to a generator is

supplied by both affected and non-affected units, an apportionment methodol ogy

must be developed to determine the amount of gross electric output that is

attributable to the affected unit. Several apportionment options exist including:

i Apportion the electric output by steam energy supplied to the generator from
each unit. This requires monitoring steam supplied to the generator from
each unit.

ii. Use unit heat input measured, recorded and reported using Part 75
procedures, Appendix F (i.e., stack flow monitor and diluent monitor or fuel
flowmetersfor gasand oil fired units). Notethat you will be able to usethis
option if you measure heat input for individual units, but you will not be able

to use heat input measured at a common stack or a common pipe.
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Section VI.B.: How could sources monitor electric output only at a conventional electric power plant?

Monitoring example for a conventional e ectric generator (power plant) (See Figurel, p. 61).

Thisis an example of a conventional power plant that produces only electric output. This figure
would be similar for anon-emitting generating system; in that case, the energy sourcewould replace
the location marked “ heat input” in the diagram.

The company could measure or estimate electric output as follows:

. Primary approach for net electric output: Net electric output measured directly would be
UE+SE-OEO (Table E-1, column 4).

. Net electric output measured as gross el ectric output less house and parasitic loads would be
GE-HE-PE-OEOQ (Table E-1, column 5)

. Primary approach for gross electric output: Gross electric output would be measured at the

generator terminals GE. (Table E-1, column 6)

. Gross electric output estimated as net electric output would be UE+SE-OEO (Table E-1,
column 7)

. Gross electric output measured or estimated as net el ectric output plus house and parasitic
loads would be UE+SE+HE+PE-OEO (Table E-1, column 7).

Note that when switching from measuring gross output to calcul ating net output, or vice versa, you

also need to measure any electricity coming into the plant from an outside source during operation

of the generator for use in generating power (point OEO).
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Section VI.C.: How could sources monitor thermal output at a steam generator?

C. How could sour ces monitor thermal output at a steam generator ?

Y our State rule will require that sources monitor either gross thermal output or net thermal
output. Non-electric generating units that are not cogeneration facilities (steam generators) will
monitor only thermal output.

The Smplified Approach and the Boiler Efficiency Approach to Monitoring Thermal Output
We recommend that you require sources to monitor thermal output using one of the two

following approaches. the simplified approach or the boiler efficiency approach. The boiler
efficiency approach utilizesthetraditional engineering approach to measuring thermal output where
thethermal output is measured using an energy balance around the boiler or system to determinethe
energy transferred to the steam from combustion. The simplified approach measuresthermal output
in asingle location, using a generic value for the energy returning to the boiler or system in boiler
feedwater return or make up water as part of the all ocation factor, rather than requiring measurement
of the boiler feedwater return or make up water. Thus, if you compare Table BE-2 and Table SA-2
below, you will find that they are similar. However, four locations are not monitored under the
simplified approach that might have to be monitored under the boiler efficiency approach: the boiler
feedwater return, the make up water to the boiler, steam or hot water exiting a process, and return
condensate or steam from a buyer.

Why do we provide you with two approaches? Both are valid approaches to monitoring
output. However, there are issues you need to consider when deciding whether to require sources
to measure thermal energy in the boiler feedwater return (condensate return) to aboiler. Y ou might
want to use the boiler efficiency approach, measuring the thermal energy in the boiler feedwater
return for these reasons:

. Measuring the thermal energy going into and leaving the boiler reduces the possibility of
“gaming” measurements of thermal output. Sources may perceive this approach as being
more fair.

. The boiler efficiency approach is consistent with the approach that EIA takes when it
receives thermal output data.

. M easuring thethermal energy goinginto and leaving theboiler isconsi stent with engineering

practice for determining boiler efficiency, afamiliar concept for boiler owners.
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Section VI.C.: How could sources monitor thermal output at a steam generator?

However, there are good reasons for preferring to use the simplified approach:

. The simplified approach encourages sources to take measures that improve the overall
efficiency of making the plant’s end product for sale, including returning condensate to the
boiler instead of heating new, cold water.

. The simplified approach is ssmpler and will not require monitoring thermal energy on the
boiler feedwater return line. Thismay reduce the overall monitoring burden for companies
compared to the boiler efficiency approach.

. Our preliminary look at the possibility of gaming indicates that it may not be a major
problem.

In deciding which approach to use for your State rule, you might take comment on issues such as:

. How many sources would need to install new monitoring equipment on the boiler feedwater
return (condensate return) line if they monitor using the boiler efficiency approach?

. How much likelihood is there of gaming?

. How would companies prefer their competitors to measure their output?

Monitoring net thermal output under the simplified approach isdescribed in section 1, “Net
Thermal Output under the Smplified Approach,” (pp.74-76) and monitoring gross thermal output
under thesimplified approach isdescribed in section 2, “ Gross Thermal Output under the Smplified
Approach” (pp. 76-78). Monitoring net thermal output under the boiler efficiency approach is
described in section 3, “Net Thermal Output under the Boiler Efficiency Approach” (pp. 84-86), and
monitoring gross thermal output under the boiler efficiency approach is described in section 4,
“ Gross Thermal Output under the Boiler Efficiency Approach” (pp. 87-89). TablesSA-2and BE-2
below describes locations for measuring electric output from a steam generator that receives
allocations based upon thermal output only (pp. 73, 83). Figure 2 below (pp. 71, 81) isasimplified
diagram pi cturing the measurement pointsdescribed bel ow at atypical steam generator boiler; Figure
3issimilar, but shows asteam generator with aline returning steam to the boiler to be reheated (pp.
72,82). Figure 3 represents an unusual situation for an industrial boiler. Steam reheat is more
common at EGUs. However, we include this example here to be comprehensive and to provide a
simplified discussion of steam reheat, rather than amore compl ex, cogeneration situation with steam

reheat. Cogeneration units which generate both electric output and thermal output are discussed
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Section VI.C.: How could sources monitor thermal output at a steam generator?

below in section VI.D., “How could sources monitor electric and thermal output at a cogeneration
facility?” (pp. 92-137). Inall cases below except those that specifically state otherwise, we assume

that the measured output is recorded in a datalogger or computer on an hourly basis.
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Figure 2
Steam Generator
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|GURE 3: Steam Generator (Industrial boiler with Steam Reheat)

Figure3
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Table SA-2 Monitoring Thermal Output Only from a Steam Generator under the Simplified Approach

Overall System Description

In this column are the various
systems associated with
boilers and electric generators
as defined in the diagrams.

Possible Monitoring Locations

In this column are the specific points

which might need to be monitored
under different approaches.

The letter in the first column
corresponds to letters used on the
associated diagrams

Gross Thermal Output Using the

Simplified Approach

Net Thermal Output Using the

Simplified Approach

Gross measured
directly (Primary)

Net plus parasitic
and house |oads

Net measured
directly (Primary)

Gross less parasitic
and house |oads

Column 1 2 3 4 5 6 7
Primary Steam System BSt Main boiler steam out Measure (+) - Messure (+)
Note: flow in feedwater return BFR Boiler feedwater Not monitored under simplified approach
and make up water must equal return
steam out flow
MUW | Make up water Not monitored under simplified approach
Steam Return and Reheat System | RStO Reheat steam out Measure (+) - - Messure (+)
Note: flow in reheat steam out
must equal flow in reheat steam RSt Rehest steam returning to Measure (-) - - Messure (-)
entering boiler boiler
Useful Thermal Loads ust Useful steam or hot water - Measure (+) Mesasure(+) -
entering a process
XSt Steam or hot water exiting a Not monitored under simplified approach
process
SSt Steam sold at point of sale - Measure(+) Mesasure(+) -
XSt Return condensate or steam Not monitored under simplified approach
from buyer
Losses Associated with PSt Parasitic steam loads - Measure (+) - Messure (-)
Generation of Thermal Output
HSt House steam loads - Measure(+) - Measure (-)
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

1. Net Thermal Output under the Smplified Approach.

Net thermal output monitoring equipment locations are described in Table SA-2, columns

6 and 7 for industrial or institutional sources monitoring only net thermal output (p. 73). Thebasic
approach is similar to that used for gross thermal output from aboiler, except that useful steam is
measured, not gross steam from the boiler. “Useful steam” is steam (or hot water) used in aprocess
that makes the product which is the purpose of the plant or steam that the plant sells. In contrast,
steam used to heat the steam plant isahouse load and is not considered “ useful” because the source
presumably would use that energy anyway, evenif it were not making itsfinal product at that time.
Also, any thermal energy used in the process of generating the steam should not be considered net
thermal output. Inorder to determinethe energy in useful steam, asourcewould follow these steps:
Step 1: For saturated steam, measure or estimate the pressure of each stream of steam
entering the useful process; temperature of saturated steamisdetermined by pressure.

For superheated steam, measure or estimate the pressure and temperature of each

stream of steam entering the useful process.

Step 2: Determine average hourly enthalpy (Btu/lb) from standard thermodynamic steam
tables'® for each stream of steam or hot water. (Seesection V1.E., “How do | calcul ate
output data from supporting data?’, pp. 138-141, for examples of how to do this.)

Step 3: Measure or estimate each total hourly flow of steam or hot water (Ib).

Step 4 Use flow and enthal py to determine the energy in the steam or hot water in mmBtu.

ammBtuo.
Egm(mthu) = HWB Q(Ib)
Where:
Egm = total energy in steam or water for an hour
H = enthalpy from standard thermodynamic steam table
Q = total massflow of steam or water for an hour
Step 5: Determine the net thermal output energy (mmBtu) asthetotal energy into any useful

6 \We recommend using “ASME Steam Tables: Thermodynamic and Tranposrt Properties
of Steam” by the American Society of Mechanical Engineers, or tables from some other
respected source or standard-setting organization.
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

process.

Approaches for determining net thermal output:

Primary approach:

Alternative:

a Measuring net thermal output directly. Determine the net thermal output

energy (mmBtu) as the total energy into any useful process.

0
E. = a Eg,

net
Themal energy in

Where:

E,« iSthe net thermal output

Ey, isthe thermal energy in steam or hot water measured at alocation

“Thermal energy in” is each location where thermal energy goes into a useful process.
(Locations USt and SSt in Figures 2 and 3)

b. Determining net thermal output measuring gross output. In the case where afacility

measures the gross thermal output but does not measure the net thermal output
directly, it is permissible to allow the source to determine net output as the gross
thermal output less parasitic and house steam loads. In some casesit might be easier
or more cost-effective to add monitorsto measure or estimate the parasitic and house
loadsrather than installing acomplete net output monitoring system to take account
of thermal energy in such loads. (See Table SA-2, column 7)

o o
Enet = a Estm - a- EStm

Boiler thermal energy out Parasitic and house thermal loads

Where:

E,.« iSthe net thermal output

Ey, isthe thermal energy in steam or hot water measured at alocation

“Boiler therma energy out” is each location where thermal energy leaves the boiler.
(Locations BSt in Figures 2 and 3 and RStO in Figure 3)
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

“Parasitic and housethermal loads’ iseach |ocation wherethe source measuresor determines

losses of thermal energy from parasitic (auxiliary) or housethermal loads. (L ocationsPSt and
HSt in Figures 2 and 3)

Under this approach, you should require monitoring of the flow and pressure, and
temperature for superheated steam, for each of the major input and output streams.
The energy of small streams or the effects of very minor losses such as small steam
leaks may be estimated or ignored. A good starting point for determining what isa
minor loss might be avalue less than 1% of the total gross steam output. The steam
temperature, pressure, and flow rate values should, at a minimum, be recorded as

hourly averagesin a datalogger.

2. Gross Thermal Output under the Smplified Approach.

Monitoring locations are described in Table SA-2, columns 4 and 5 for a source monitoring

only gross thermal output (p. 73). Under this approach, companies would measure the energy in

steam |leaving the boiler only to determine grossthermal output, in mmBtu,,,. Companieswould not

need to measure the energy in hot water reentering the boiler in the boiler feedwater return. This

approach requires a source to determine the energy in the steam using the procedure below:

Step1: For saturated steam, measure or estimatethe pressure of each stream of steam leaving
theboiler; temperature of saturated steamisdetermined by pressure. For superheated
steam, measure or estimate the pressure and temperature of each stream of steam
leaving the boiler.

Step 2: Determine average hourly enthalpy (Btu/lb) from standard thermodynamic steam
tables'’ for each stream of steam. (SeesectionVI.E., “How do | calculate output data
from supporting data?’, pp. 138-141, for examples of how to do this.)

Step 3: Measure or estimate each total hourly flow of steam or hot water (Ib).

Step 4. Use flow and enthal py to determine the energy in the steam or hot water in mmBtu.

17 Same as footnote 16.
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

aammBtug,

Egm(mmBtu) = H = Qib)

Where:

Eq, = total thermal energy in steam or water for an hour
H = enthapy from standard thermodynamic steam table
Q = total massflow of steam or water for an hour

Step 5: Determine the gross thermal output energy (mmBtu,,,) asthe total energy out of the
boiler.
Note that steps 2 through 5 are the same as steps 2 through 5 for determining net
therma output in section VI.C.1., “Net Thermal Output under the Simplified
Approach” (p. 74-76)

Approaches for determining gross thermal output:

Primary approach: a M easuring gross thermal output directly. In the most basic case, a company

would measurethe energy leaving aboiler. Thecompany would measurethe
output thermal energy of each flow of steam or water out of the boiler (See
Table SA-2, column 4)

0
E o = a Eg,

gross
Boiler thermal energy out

Where:

Egoss IS the gross thermal output

E4 iSthe thermal energy in steam or hot water measured at a location

“Boiler thermal energy out” is each location where thermal energy leaves the boiler.
(Locations BSt in Figures 2 and 3 and RStO in Figure 3)

Alternative: b. Determining gross thermal output by measuring net output. In the case where a

facility sells steam to a non-affiliated source under contract and wishes to use the
output monitoring system associated with these sales to estimate gross output, the
gross thermal output may be estimated as either: (a) the sales of steam converted to

mmBtu using flow and the steam tables, or (b) the sales of steam converted to
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

mmBtu plus any other measured steam not sold (See Table SA-2, column 5). Note
that in the case of steam sales if hourly data is recorded for billing purposes, this
record should serve as the official record of output and additional data recording in

adatalogger is not necessary.

0
Egross - a Estm

Thermal energy sold
or

0 0
Egross - a Estm + a Estm

Thermal energy sold  Parasitic or house thermal |oads

Where:

Egoss 1S the gross thermal output

Ey., isthe thermal energy in steam or hot water measured at alocation

“Thermal energy sold” isthe number of places where steam or thermal energy issold by the

plant (Location SSt in Figures 2 and 3)

“Parasitic or house thermal 10ads’ iseach |ocation where the source measures or determines

losses of thermal energy from parasitic (auxiliary) or house thermal loads. (L ocations HSt

and PSt in Figures 2 and 3)

Under this approach, you should require monitoring of the flow and pressure, and

temperature for superheated steam, for each of the major streams leaving the boiler.
The energy of small streams or the effects of very minor losses such as small steam
leaks may be estimated or ignored. A good starting point for determining what isa
minor loss might be avalue lessthan 1% of thetotal gross steam output. The steam
temperature, pressure, and flow rate values should, at a minimum, be recorded as

hourly averagesin adatalogger.
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Monitoring example for a steam generator under the simplified approach (see Figure 2, p. 71)

Thisis an example of avery ssmple steam boiler with the ability to measure the gross steam out at
asingle location (presumably at the boiler outlet). See Table SA-2, p. 73.

The company could measure or estimate thermal output as follows:

Primary approach for net thermal output: Net thermal output measured directly would be

(USt+SSt) (Table SA-2, column 6).
Net thermal output determined as gross thermal output less parasitic and house steam
|loads would be (BSt-PSt-HSt) (Table SA-2, column 7).

Primary approach for gross thermal output: Gross thermal output measured directly (Table

SA-2, column 4) would be BSt (Table SA-2, column 4).

Gross thermal output estimated as net output would be USt+SSt (Table SA-2, column 6).
Gross thermal output measured as net thermal output plus parasitic and house loads would
be (USt+SSt+PSt+HSt) (Table SA-2, column 5).
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Monitoring example for a steam generator with steam reheat under the simplified approach. (see

Figqure 3, p. 72)

Thisis an example of amore sophisticated steam boiler where the boiler has a steam reheat cycle.

In this case, the boiler has two steam headers from which thermal output must be measured. The

monitoring is similar to that in Figure 2 with additional monitoring required at the inlet and outlet
of the steam reheat cycle. See Table SA-2, p. 73.

The company could measure or estimate thermal output as follows:

Primary approach for net thermal output: Net thermal output measured directly would be

(USt+SSt-RSt) (Table SA-2, column 6).
Net thermal output determined as gross thermal output less losses would be (BSt+RStO-
RStI-PSt-HSE) (Table SA-2, column 7).

Primary approach for gross thermal output: Gross thermal output measured directly would
be BSt+RSIO-RStI  (Table SA-2, column 4).

Grossthermal output measured as net thermal output would be USt+SSt-RStI (Table SA-2,
column 5).

Gross thermal output measured as net thermal output plus parasitic and house loads would
be USt+SSt+PSt+HSt-RSE (Table SA-2, column 5).
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Figure 2
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Figure3
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Table BE-2 Monitoring Thermal Output Only from a Steam Generator under the Boiler Efficiency Approach

Overall System Description

In this column are the various
systems associated with
boilers and electric generators
as defined in the diagrams.

Possible Monitoring Locations

In this column are the specific points

which might need to be monitored
under different approaches.

The letter in the first column
corresponds to letters used on the
associated diagrams

Gross Thermal Output Using the Boiler

Efficiency Approach

Net Thermal Output Using the Boiler

Efficiency Approach

Gross measured
directly (Primary)

Net plus parasitic
and house loads

Net measured
directly (Primary)

Gross less parasitic
and house |oads

Column 1 2 3 4 5 6 7
Primary Steam System BSt Main boiler steam out Measure (+) - Measure (+)
Note: flow in feedwater return BFR Boiler feedwater Measure or Measure or estimate | Measure (-) Measure (-)
and make up water must equal return estimate(-) )
steam out flow
MUW | Make up water Measure or Measure or estimate | Measure (-) Measure (-)
estimate(-) )
Steam Return and Reheat System | RStO Reheat steam out Measure (+) - - Measure (+)
Note: flow in reheat steam out
must equal flow in reheat steam RSt Steam returning to boiler for Mesasure (-) - - Measure (-)
entering boiler reheating
Useful Thermal Loads ust Useful steam or hot water - Measure (+) Measure(+) -
entering a process
XSt Steam or hot water exiting a - - - -
process
SSt Steam sold at point of sdle - Measure(+) Measure(+) -
XSt Return condensate or steam - - - -
from buyer
L osses Associated with PSt Parasitic Steam Loads - Measure (+) - Measure (-)
Generation of Thermal Output
HSt House Steam L oads - Measure(+) - Measure (-)
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

3. Net Thermal Output under the Boiler Efficiency Approach.

Net thermal output monitoring equipment locations are described in Table BE-2, columns

6 and 7 (p. 83) for industrial or institutional sources monitoring only net thermal output (non-
cogeneration). The basic approach is similar to that used for gross thermal output from a boiler,
except that the energy balance devel oped is around the useful steam, not the boiler. “Useful steam”
issteam (or hot water) used in a process that makes the product which isthe purpose of the plant or
steam that the plant sells. In contrast, steam used to heat the steam plant is a house load and is not
considered “useful” because the source presumably would use that energy anyway, evenif it were
not making itsfinal product at that time. Also, any thermal energy used in the process of generating
the steam should not be considered net thermal output. In order to determine the energy in useful
steam, a source would follow these steps:

Step 1: Perform a mass balance on water and steam into each useful process (that is, each
process that makes the plant’s product) and water and steam out of each useful
process. Onewould treat al steam sold as entering a useful process.

Step 2: For saturated steam, measure or estimate the pressure of each stream of steam or hot
water entering or leaving the useful process; temperature of saturated steam is
determined by pressure. For superheated steam, measure or estimatethe pressureand

temperature of each stream of steam or hot water entering or leaving the useful

process.

Step 3: Determine average hourly enthalpy (Btu/lb) from standard thermodynamic steam
tables'® for each stream of steam or hot water. (Seesection VI1.E., “How do | calculate
output data from supporting data?’, pp. 138-141, for examples of how to do this.)

Step 4: Measure or estimate each total hourly flow of steam or hot water (Ib).

Step 5: Useflow and enthalpy to determine the energy in the steam or hot water in mmBtu.

'8 Same as footnote 16.
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

aammBtuo,

Egm(mmBtu) = H = Q(Ib)

Where:

Egm = total energy in steam or water for an hour

H = enthapy from standard thermodynamic steam table
Q = total mass flow of steam or water for an hour

Step 6: Determinethe net thermal output energy (mmBtu) asthetotal energy into any useful
process of the boiler less the energy out of the process.
Note that steps 3 through 6 are the same as steps 2 through 5 for determining net
therma output in section VI.C.1., “Net Thermal Output under the Simplified
Approach” (p. 74-76).

Approaches for determining net thermal output:

Primary approach: a M easuring net thermal output directly. In the case where asource uses steam

internally or sells steam to an outside party, the energy balance is devel oped
around all useful processes or sales. The company would measure the input
and output thermal energy of each flow or steam or water into and out of the
useful process (See Table BE-2, column 6)
E - o) o)
net — d Estm ) a Estm

Themal energy in Thermal energy returning to boiler

Where:
E,« isthe net thermal output
E4 iSthe thermal energy in steam or hot water measured at a location
“Thermal energy in” is each location where thermal energy goes into a useful process.
(Locations USt and SSt in Figures 2 and 3)
“Thermal energy returning to boiler” iseach location where thermal energy entersthe boiler
inareturn line. (Locations BFR in Figures 2 and 3 and RStl in Figure 3)
Notethat thisisadightly different estimate of net thermal output than measuring the

steam or water exiting a process or returning from a sales agreement as described in
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

Alternative

Step 6 above. In Step 6, there could be additional energy added to the condensate
from the house and parasitic loads that are not measured.

b. Determining net thermal output measuring gross output. In the case where a

facility measuresthe grossthermal output but does not measure the net steam
directly, it is permissible to alow the source to determine net output as the
gross steam less parasitic and house steam loads. In some casesit might be
easier or more cost-effective to add monitors to measure or estimate the
parasitic and house loads rather than installing a complete net output
monitoring system to take account of thermal energy inand out of such loads.
(See Table BE-2, column 7).

0 0 0
Enet = d Estm ) d Estm ) d Estm

Boiler thermal energy out  Parasitic and house thermal loads ~ Thermal energy returning to boiler

E,« isthe net thermal output

E4 iSthe thermal energy in steam or hot water measured at a location

“Boiler thermal energy out” is each location where thermal energy leaves the boiler.
(Locations BSt in Figures 2 and 3 and RStO in Figure 3)

“Parasitic and housethermal loads’ iseach | ocation wherethe source measuresor determines
losses of thermal energy from parasitic (auxiliary) or housethermal loads. (L ocationsPSt and
HSt in Figures 2 and 3)

“Thermal energy returning to boiler” iseach location where thermal energy entersthe boiler
inareturn line. (Locations BFR in Figures 2 and 3 and RStl in Figure 3)

Under this approach, you should require monitoring of the flow and pressure, and
temperaturefor superheated steam for each of themajor streamsentering and leaving
the boiler. The energy of small streams or the effects of very minor losses such as
small steam leaks may be estimated or ignored. A good starting point for
determining what is a minor loss might be a value less than 1% of the total gross

steam output. The steam temperature, pressure, and flow rate values should, at a
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

minimum, be recorded as hourly averagesin a datalogger.

4. Gross Thermal Output under the Boiler Efficiency Approach.

Monitoring locations are described in Table BE-2, columns 4 and 5 for a source monitoring
only grossthermal output (p. 83). Under this approach, boilers would measure the energy imparted
to the steam from combustion to determine gross thermal output, in mmBtu,,. This approach
requiresasourceto determinetheenergy imparted to the steam from combusti on using the procedure
below:

Step 1. Perform amass balance on water and steam into the boiler and water and steam out
of the bailer.
Step 2: For saturated steam, measure or estimate the pressure of each stream of steam or hot

water entering or leaving the boiler; temperature of saturated steam is determined by
pressure. For superheated steam, measure or estimate the pressure and temperature
of each stream of steam or hot water entering or leaving the boiler.

Step 3: Determine average hourly enthalpy (Btu/lb) from standard thermodynamic steam
tables'® for each stream of steam or hot water. (See section VI.E., “How do |
calculate output data from supporting data?’, pp. 138-141, for examples of how to
do this.)

Step 4. Measure or estimate each total hourly flow of steam or hot water (Ib).
Step 5: Use flow and enthal py to determine the energy in the steam or hot water in mmBtu.
ammBtuo.
Egm(mthu) = HWEJ Q(Ib)
Where:
Eqn = total thermal energy in steam or water for an hour
H = enthapy from standard thermodynamic steam table
Q = total massflow of steam or water for an hour
Step 6: Determine the gross thermal output energy (mmBtu,,) asthe total energy out of the
boiler less the energy into the boiler.
Note that steps 3 through 6 are the same as steps 3 through 6 for determining net
19 Same as footnote 16.
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Section VI.C.: How could sources monitor thermal output at a steam generator ?

thermal output in section VI.C.3., “Net Thermal Output under the Boiler Efficiency

Approach” (p. 84-86) and steps 2 through 5 for determining gross thermal output in
section VI1.C.2., “Gross Thermal Output under the Simplified Approach” (p. 76-78).

Approaches for determining gross thermal output:

Primary approach:

Alternative

a

Where:

M easuring gross thermal output directly. In the most basic case, a company

would develop an energy balance around a boiler. The company would
measure the input and output thermal energy of each flow of steam or water
into and out of the boiler (See Table BE-2, column 4)

_ 0 0
gross d ESm ) d Esm

Bailer thermal energy out  Thermal energy returning to boiler

Egoss IS the gross thermal output

E4 iSthe thermal energy in steam or hot water measured at a location

“Boiler thermal energy out” is each location where thermal energy leaves the boiler.
(Locations BSt in Figures 2 and 3 and RStO in Figure 3)

“Thermal energy returning to boiler” iseach location where thermal energy entersthe boiler

inareturn line. (Locations BFR in Figures 2 and 3 and RStl in Figure 3)

b.

Determining grossthermal output by measuring net output. Inthe case where

afacility sells steam to a non-affiliated source under contract and wishesto
usetheoutput monitoring system associated with these sal esto estimate gross
output, the gross thermal output may be estimated as either: (a) the sales of
steam converted to mmBtu using flow and the steam tables minus the input
energy to theboiler inthereturn condensate or make up water, or (b) thesales
of steam converted to mmBtu plus any other measured steam not sold minus
the input energy to the boiler in the return condensate and make-up water
(See Table BE-2, column 5). Note that in the case of steam sales if hourly
dataisrecorded for billing purposes, this record should serve as the official

record of output; thus, additional data recording in a datalogger is not
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necessary.

E

or o o 0
Egr0$_ d Estm + d Estm i a EStm

Therma energy sold Parasitic or housethermal loads ~ Therma energy returning to boiler

0 0
gross — a Estm ) d Estm

Thermal energy sold ~ Thermal energy returning to boiler

Where:

Egoss IS the gross thermal output

E4 iSthe thermal energy in steam or hot water measured at a location

“Thermal energy sold” isthe number of places where steam or thermal energy issold by the
plant (Location SSt in Figures 2 and 3)

“Parasitic or house thermal loads’ iseach |ocation where the source measures or determines
losses of thermal energy from parasitic (auxiliary) or house thermal loads. (L ocations HSt
and PSt in Figures 2 and 3)

“Thermal energy returning to boiler” iseach location where thermal energy entersthe boiler
inareturn line. (Locations BFR in Figures 2 and 3 and RStl in Figure 3)

Under this approach, you should require monitoring of the flow and pressure, and
temperature for superheated steam for each of the major streams entering or leaving
the boiler. The energy of small streams or the effects of very minor losses such as
small steam leaks may be estimated or ignored. A good starting point for
determining what is a minor loss might be a value less than 1% of the total gross
steam output. Sourcesmay also rely on the conservation of massin monitoring flow.
In practice, this is done by measuring the flow of water or steam into a boiler and
assuming that the flow out isequal, asit must be under steady-state conditions. The
steam temperature, pressure, and flow rate values should, at aminimum, berecorded

as hourly averagesin adatalogger.
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M onitoring examplefor asteam generator under the boiler efficiency approach (see Figure 2, p. 81)

Thisis an example of avery ssmple steam boiler with the ability to measure the gross steam out at
asingle location (presumably at the boiler outlet). See Table BE-2, p. 83.

The company could measure or estimate thermal output as follows:

Primary approach for net thermal output: Net thermal output measured directly would be

(USt+SSt-BFR-MUW) (Table BE-2, column 6).
Net thermal output determined as gross thermal output less parasitic and house steam
loads would be (BSt-BFR-MUW-PSt-HSt) (Table BE-2, column 7).

Primary approach for gross thermal output: Gross thermal output measured directly (Table

BE-2, column 4) would be BSt-BFR-MUW (Table BE-2, column 4).

Gross thermal output estimated as net output would be USt+SSt-BFR-MUW (Table BE-2,
column 6).

Gross thermal output measured as net thermal output plus parasitic and house |oads would
be (USt+SSt+PSt+HSt-BFR-MUW) (Table BE-2, column 5).
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Monitoring example for a steam generator with steam reheat under the boiler efficiency approach.

(see Figure 3, p. 82)

Thisis an example of amore sophisticated steam boiler where the boiler has a steam reheat cycle.

In this case, the boiler has two steam headers from which thermal output must be measured. The

monitoring is similar to that in Figure 2 with additional monitoring required at the inlet and outlet
of the steam reheat cycle. See Table BE-2, p. 83.

The company could measure or estimate thermal output as follows:

Primary approach for net thermal output: Net thermal output measured directly would be

(USt+SSt-BFR-MUW-RStI) (Table BE-2, column 6).
Net thermal output determined as gross thermal output less losses would be (BSt+RStO-
BFR-MUW-RSt-PSt-HS) (Table BE-2, column 7).

Primary approach for gross thermal output: Gross thermal output measured directly would

be BSt+RStO-BFR-MUW-RStl  (Table BE-2, column 4).

Gross thermal output measured as net thermal output would be USt+SSt-BFR-MUW-RSH
(Table BE-2, column 5).

Gross thermal output measured as net thermal output plus parasitic and house loads would
be USt+SSt+PSt+HSt-BFR-MUW-RStI (Table BE-2, column 5).
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D. How could sources monitor electric and thermal output at a cogener ation facility?

Y our State rule should requirethat cogeneration or combined heat and power (CHP) sources
monitor both el ectric output and thermal output when a facility produceselectricity and steam. Y ou
must also decide whether net or gross output should be monitored. You could allow sources to
monitor a combination of net and gross output. These combinations are described in tablesin this
section®: monitoring net electric and net thermal output (Tables SA-4 and BE-4, pp. 98-99, 120-
121); monitoring gross thermal and gross electric output (Tables SA-3 and BE-3, pp. 96-97, 118-
119); and monitoring net electric and gross thermal output (Tables SA-5 and BE-5, pp. 100-101,
122-123).

Notethat throughout thissectionfor cogenerationfacilities, themajor difference betweenthe
simplified approach and the boiler efficiency approachisthat under the simplified approach, itisnot
necessary to measure the thermal energy in the boiler feedwater return, the make up water to the
boiler, condensate returned by a buyer, or the steam exiting a useful process. We have simplified
the diagramsand discussion for cogeneration facilitiesby not including extrasteam return to aboiler
for reheating. However, in asituation including steam reheating, the source would need to measure
the return line and the reheated steam exiting the boiler when measuring gross thermal output. The
source al so would need to measure the return line entering the boiler when measuring net thermal

output.

“\We also considered the possibility of measuring net thermal output and gross electric
output. However, we decided that thiswas not alikely combination. Since it appears to be
possible for sources to determine net electric output in all cases, a State islikely choose to
reguire sources to determine gross electric output for policy reasons, rather than for practical
reasons, and to require gross thermal output for the same policy reasons.
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FIGURE 4: Steam Cogenerator
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IGURE 5: Combustion
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|| Table SA-3, Monitoring Cogenerator for Gross Electric Output and Gross Thermal Output under the Simplified Approach ||

Overall System Description
In this column are the various

Possible Monitoring Locations
In this column are the specific

Gross Thermal Output for Allocation

Gross Electric Output

aprocess

systems associated with boilers points which might need to be Grossthermal | Gross thermal Net thermal Grossthermal | Gross Net electric
_and ele(_:trl c generators as defined | monitored under different output output output plus output electric output plus
in the diagrams approaches. _ measured measured parasitic and measured output parasitic and

The letter in the first column directly at exit | directly at house loads directly at measured | hours loads

corresponds to |etters used on from steam HRSG/boiler less steam HRSG/boiler directly

the associated diagrams turbine less steam used | used for less equivalent | (Primary)

(Primary) for electric electric electric output
generation generation in mmBtu.

Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out - Measure(+) -- Measure(+) -- -
Note: flow in feedwater return and BFR Boiler feedwater Not monitored under simplified approach
make up water must equal steam out return
flow

MUW | Make up water Not monitored under simplified approach
Steam Return and Reheat System RStO Reheat steam out Measure(+) Measure(+) -- Measure(+) -- -
Note: flow in reheat steam out must
equal flow in reheat steam entering RSt Steam returning to boiler Measure(-) Measure(-) - Measure(-) - -
boiler for reheating
Steam Used to Generate Electric ESt Steam entering a turbine -- Measure(-) -- -- -- --
Power in a Steam Turbine

XTSt Steam exhaust from a Measure (+) Measure (+) -- - -- -

turbine
Useful Thermal Loads uUst Useful steam or hot water | -- - Measure (+) - -- -
entering a process
XSt Steam or hot water exiting | Not monitored under simplified approach

SSt Steam sold at point of sale

Measure (+)

XSt Return condensate or
steam from buyer

Not monitored under simplified approach

L osses Associated with Generation of
Thermal Output

PSt Parasitic steam loads

Measure (+)

HSt House steam loads

Measure (+)
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|| Table SA-3, Monitoring Cogenerator for Gross Electric Output and Gross Thermal Output under the Simplified Approach ||

Overall System Description

In this column are the various
systems associated with boilers
and electric generators as defined

Possible Monitoring Locations
In this column are the specific

points which might need to be

monitored under different

Gross Thermal Output for Allocation

Gross Electric Output

. ; Grossthermal | Gross thermal Net thermal Gross thermal Gross Net electric
in the diagrams approaches. !
- . output output output plus output electric output plus
The letter in the first column L -
corresponds to letters used on mea&lred _ mea&lred parasitic and mea&lred output parasitic and
the associated diagrams directly at exit | directly at house |oads directly at measured | hoursloads
from steam HRSG/boiler less steam HRSG/boiler directly
turbine lesssteam used | used for lessequivalent | (Primary)
(Primary) for electric electric electric output
generation generation in mmBtu.
Column 1 2 3 4 con't 5con't 6 con't 7 con't 8 con't 9con't
Electric Generation GE Electric power -- -- - Measure and Measure -
messured at generator convert to +)
terminals mmBtu (-)
SE Electric power leaving | -- -- - - - Measure (+)
plant to electric grid
UE Electric power used -- -- - -- - Measure (+)
internal to a
cogenerator or
industrial facility for a
useful purpose
Electric Power Used on SiteNot | OEO | Electric power coming | -- -- - - - Measure (-)
Generated by the Facility from grid or other
power source to plant
during operation
OEN | Electric power coming | -- -- - - - --
from grid or other
source during hon
operation
Losses Associated with PE Parasitic electric loads | -- -- - - - Measure (+)
Generation of Electricity
HE House electric loads -- -- -- — -- Measure (+)
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|| Table SA-4, Monitoring Cogenerator (CHP) for Net Electric Output and Net Thermal Output under the Simplified Approach ||

Overall System Description
In this column are the

Possible Monitoring Locations
In this column are the specific
points which might need to be

Net Thermal Output for Allocation

Net Electric Output

various systems associated _ _ Net thermal | Gross Gross thermal Measure grossthermal | Net Gross
with boilers and electric monitored under different output thermal output from output from electric electric
generators as defined in the | approaches. _ measured output from | HRSG/boiler HRSG/boiler less output output less
diagrams The letter in the first column directly less | exit of steam | less parasitic parasitic |oads, house measured | parasitic
corresponds to |etters used on the steamused | turbineless | and houseloads | loads, return feedwater | directly and hours
associated diagrams for electric | parasiticand | lesssteamused | and equivalent electric | (Primary) | loads
generation house loads | for electric output expressed in
(Primary) generation mmBtu.
Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out - - Measure (+) Measure (+) - -
Note: flow in feedwater return BFR Boiler feedwater Not monitored under the simplified approach
and make up water must equal return
steam out flow
MUW Make up water Not monitored under the simplified approach
Steam Return and Reheat RStO Reheat steam out - Measure (+) Measure (+) Measure (+) - -
System
Note: flow in reheat steam out ] ]
must equal flow in rehest RSt Steam' returning to boiler for - Measure (-) Measure (-) Measure (-) - -
h ) reheating
steam entering boiler
Steam Used to Generate ESt Steam entering aturbine Measure (-) - Measure (-) - - -
Electric Power in a Steam
Turbine XTSt Steam exhaust from aturbine | -- Measure (+) - - - -
Useful Thermal Loads ust Useful steam entering a Measure (+) -- -- -- -- -
process
XSt Steam or hot water exiting a Not monitored under the simplified approach
process
SSt Steam sold at point of sale Measure (+) -- -- -- -- -
XSt Return condensate or steam Not monitored under the simplified approach
from buyer
L osses Associated with PSt Parasitic steam loads - Measure (-) Measure (-) Measure (-) - -
Generation of Thermal Output
HSt House steam loads -- Measure (-) Measure (-) Measure (-) - --
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|| Table SA-4, Monitoring Cogenerator (CHP) for Net Electric Output and Net Thermal Output under the Simplified Approach ||

Overall System Description
In this column are the
various systems associated

Possible Monitoring Locations
In this column are the specific
points which might need to be

Net Thermal Output for Allocation

Net Electric Output

’ ; h : ) Net thermal Gross Gross thermal Measure gross thermal Net Gross
with boilers and electric monitored under different output thermal output from output from electric electric
generators as defined in the | approaches. _ measured output from | HRSG/boiler HRSG/boiler less output output less
diagrams The letter in the first column directly less | exit of steam | less parasitic parasitic |oads, house measured | parasitic

corresponds to |etters used on the steamused | turbineless | and houseloads | loads, return feedwater | directly and hours
associated diagrams for electric | parasiticand | lesssteamused | and equivalent electric | (Primary) | loads
generation house loads | for electric output expressed in
(Primary) generation mmBtu.
Column 1 2 3 4 con't 5con't 6 con't 7 con't 8 con't 9 con't
Electric Generation GE Electric power measured -- -- -- Measure and convertto | -- Measure (+)
at generator terminals mmBtu (-)
SE Electric power leaving -- -- -- -- Measure | —
plant to electric grid )
UE Electric power used -- -- -- -- Measure --
internal to a cogenerator )
or industrial facility for a
useful purpose
Electricity Used on Site OEO Electric power coming -- -- -- -- Measure Measure
Not Generated by the from grid or other power ) )
Facility source to plant during
operation
OEN Electric power coming -- -- -- -- - --
from grid or other source
during non operation
Losses Associated with PE Parasitic electric loads -- -- -- -- - Measure
Generation of Electricity )
HE House electric loads -- -- -- -- - Measure
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|| Table SA-5, Monitoring Cogen (CHP) for Net Electric Output and Gross Thermal Output under the Simplified Approach ||

Overall System Description
In this column are the various

Possible Monitoring L ocations
In this column are the specific

Gross Thermal Output for Allocation

Net Electric Output

systems associated with boilers | points which might need to be Gross Gross thermal Net thermal Gross thermal Net electric | Gross
and electric generators as monitored under different thermal output output plus output measured | output electric
defined in the diagrams approaches. output measured parasitic and directly from measured | output less
The letter in thefirst column measured directly from house |oads HRSG/boiler less | directly parasitic
corresponds to lettersused onthe | qirectly from | HRSG/boiler less steam equivalent net (Primary) | and house
associated diagrams exit of steam | lesssteamused | used for electric output in loads
turbine for electric electric mmBtu.
(Primary) generation generation
Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out -- Measure(+) -- Measure(+) - -
Note: flow in feedwater return and BFR Boiler feedwater Not monitored under the simplified approach
make up water must equal steam out return
flow
MUW Make up water Not monitored under the simplified approach
Steam Return and Reheat System RStO Reheat steam out Measure(+) Measure(+) -- Measure(+) - -
Note: flow in reheat steam out must
equal flow in reheat steam entering RSt Steam returning to boiler Measure(-) Measure(-) -- Measure(-) - -
boiler for reheating
Steam Used to Generate Electric ESt Steam entering a turbine -- Measure(-) - - - -
Power in a Steam Turbine
XTSt Steam exhaust from a Measure (+) Measure (+) -- -- - -
turbine
Useful Thermal Loads ust Useful steam entering a -- - Measure (+) -- - -
process
XSt Steam or hot water exitinga | Not monitored under the simplified approach
process
SSt Steam sold at point of sale -- - Measure (+) -- - -
XSt Return condensate or steam | Not monitored under the simplified approach
from buyer
Losses Associated with Generation PSt Parasitic steam loads -- -- Measure (+) -- - -
of Therma Output
HSt House steam loads -- - Measure (+) -- - -
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|| Table SA-5, Monitoring Cogen (CHP) for Net Electric Output and Gross Thermal Output under the Simplified Approach ||

Overall System Description
In this column are the various

Possible Monitoring L ocations
In this column are the specific

Gross Thermal Output for Allocation

Net Electric Output

systems associated with boilers | points which might need to be Gross Gross thermal Net thermal Gross thermal Net electric | Gross
and electric generators as monitored under different thermal output output plus output measured | output electric
defined in the diagrams approaches. output measured parasitic and directly from measured | output less
The letter in thefirst column measured directly from house |oads HRSG/boiler less | directly parasitic
corresponds to lettersused onthe | qirectly from | HRSG/boiler less steam equivalent net (Primary) | and house
associated diagrams exit of steam | lesssteamused | used for electric output in loads
turbine for electric electric mmBtu.
(Primary) generation generation
Column 1 2 3 4 con't 5con’'t 6 con't 7 con't 8con't 9con't
Electric Generation GE Electric power measured at -- - - Measure and - Measure (+)
generator terminals convert to mmBtu
Q]
SE Electric power leaving plant | -- -- - -- Measure (+) | —
to electric grid
UE Electric power used internal | -- -- - -- Measure (+) --
to a cogenerator or
industrial facility for a
useful purpose other than
generation of electricity
Electric Power Used on Site Not OEO Electric power coming from | -- - - -- Measure (-) Measure
Generated by the Facility grid or other power source )
to plant during operation
OEN Electric power coming from | -- -- - -- - --
grid or other source during
non operation
L osses Associated with Generation PE Parasitic electric loads - - - - - Measure
of Electricity )
HE House electric loads - - - - - Measure
()
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

1. Monitoring Electric Output

Primary approach:

Primary approach:

a

Monitoring net electric output: A source which is required to monitor net

electric output would measure the output in exactly the same manner as
described in section VI.B.1., “Net Electric Output” (pp. 63-65). (See Table
SA-4, columns 8 and 9, pp. 98-99).

M easuring gr oss el ectric output. A sourcewhichisrequired to monitor gross

electric output would measure the output in exactly the same manner as
described in section VI.B.2., “Gross Electric Output” (pp. 65-66). (See
Table SA-3, columns 8 and 9, pp. 96-97).

2. Monitoring Net Thermal Output under the Smplified Approach

It is important to remember that the net thermal output used for allocations is the thermal

output used to perform useful work in a process excluding therma output used to generate

electricity. Thisis referred to as “net thermal output for alocation” to distinguish it from “net

thermal output” which includesthermal output used in electric generation. (See Table SA-4, pp. 98-

99).
Primary approach:

Where;

Measuring net thermal output directly. A cogeneration facility whichis

required to determine the net thermal output for allocation may measure the
useful thermal output directly. Monitoring net thermal output directly is
similar to monitoring net thermal output for allocation for a steam generator,
with the additional requirement that thermal energy used to generate
electricity would not be included as net thermal output. In generd, a
company would measure the thermal energy going into each useful process
and then calculate the net thermal energy as the sum of the thermal energy

going into the useful processes (Table SA-4, column 4).

0
Enet = a- Estm

Thermal energy for auseful process

E,.« iSthe net thermal output
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

E4 iSthe thermal energy in steam or hot water measured at a location

“Thermal energy for auseful process’ isthe number of placeswherethermal energy isused
to make a product for sale other than electricity or other useful application of steam
(excluding generation of steam itself) (Locations USt and SStin Figures4, 5, and 6)

Alternative b. Determining net thermal output measuring gross thermal output. A cogeneration or

CHP facility which isrequired to monitor net thermal output, which has an existing
gross thermal output system ,and which does not have a system for measuring net
output directly may determinethe net thermal output asthe grossthermal output after
the steam turbine and generator less parasitic and house thermal |oads (Table SA-4,
column 5). (This is appropriate for steam cogenerators and combined cycle
cogenerators where thermal energy is used in a process downstream of a steam

turbine and generator, asin Figures 4 and 6.)

0 0
Enet - d Estm ) d Estm
Thermal energy exiting  Parasitic and house thermal |oads
the steam turbine

Where:

E,.« iSthe net thermal output

Ey., isthe thermal energy in steam or hot water measured at alocation

“Thermal energy exiting the steam turbine” is each location where thermal energy leavesa
steam turbine that is connected to the unit. (Location XTSt in Figures 4 and 6)

“Parasitic and house thermal loads’ is each location where the source measures or
determines losses of thermal energy from parasitic (auxiliary) or house thermal loads.

(Location HSt and PSt in Figures 4, 5, and 6)

Alternative C. M easuring grossthermal output directly fromtheboiler |esssteam for € ectric

generation. For combustion turbine cogenerators, or for the less common

situation where somethermal energy isused in aprocess upstream of asteam
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

turbine and generator, a source might monitor gross thermal output from the
boiler, minus the thermal output going to electric generation. In this case, a
cogeneration facility which is required to monitor net thermal output and
which does not have a system for measuring net output directly may
determine the net thermal output as the gross thermal output from the heat
recovery steam generator (HRSG) or boiler lesshousethermal loads, parasitic
thermal loads, and boiler feedwater and the steam used for el ectric generation

in a steam turbine and generator (Table SA-4, column 6).

[*] [*] [*]
Enet - d Estm ) d Estm ) d Estm
Boiler thermal energy out Parasitic and house thermal loads ~ Thermal energy used
for electric generation

Where:

E,.« iSthe net thermal output

Ey., isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or

HRSG. (Location BSt in Figures 4, 5, and 6)

“House and parasitic thermal loads’ is each location where the source measures or

determines losses of thermal energy from parasitic (auxiliary) or house thermal loads.

(Location HSt and PSt in Figures 4, 5, and 6)

“Thermal energy used for electric generation” is each location where thermal energy goes

into a steam turbine to operate an electric generator. (Location EStin Figures 4 and 6)
Alternative (special case)

d. M easuring gross thermal output from boiler less equivalent electric output. For the

less common situation where some thermal energy is used in a process upstream of
asteam turbine and generator, sources might monitor gross thermal output from the
boiler, including thermal output for electric generation. For a cogeneration facility

inthissituation whichisrequired to determine both net el ectric output for alocations
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

and net steam for output all ocations that does not monitor net output directly, the net
thermal output may be determined asfollows. The source would measure the gross
thermal output from the HRSG or boiler, less the parasitic and house thermal |oads,
and less the gross el ectric output from the generator converted to equivalent steam
energy using the design steam turbine generator efficiency (See Table SA-4, column
7). Notethat when converting electric power to an equivalent steam load to deduct
from the net thermal output, asource would convert the gross el ectric output, not the

net electric output, to an equivalent thermal output.

E, = aE aE a T

et sm st ) elect ; ;

" Boiler thermal merg;/n out Parasitic and house therr':1nal loads  Converted gross electrical output * des g_n turbl ne
efficiency

Where:

E,.« iSthe net thermal output

Ey., isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BSt in Figure 4, 5, and 6)

“Parasitic and housethermal loads’ iseach |ocation wherethe source measuresor determines
losses of thermal energy from parasitic (auxiliary) or house thermal loads. (Locations PSt
and HSt in Figures 4, 5, and 6)

“Converted electric energy” is the thermal energy for each location where thermal energy
goesinto asteam turbineto operate an electric generator. Itiscalculated by “converting” the
gross electric output to thermal energy. (Location GE in Figures 4, 5, and 6)
“3.413/Designturbineefficiency” isthe conversionfactor inmmBtu/MWh, cal culated using
the manufacturer’ s design efficiency expressed as a decimal.

3. Monitoring Gross Thermal Output under the Smplified Approach .

Itisimportant to remember that the grossthermal output used for allocationsisthetotal gross

thermal output of the boiler (gross thermal output) less the output used for generation of electricity
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

(we refer to this as “gross thermal output for allocation”). (Thermal energy used to generate
electricity will receive an alocation indirectly through the allocation of allowances for electric
output.)

Primary approach for steam cogenerators and combined cycle systems:

a M easuring grossthermal output directly at the exit from asteam turbine: One method

for monitoring gross thermal output for allocation would be to measure thermal
energy remaining after steam has exited the steam turbine. (Thisis appropriate for
steam cogenerators and combined cycle cogenerators where thermal energy is used
in aprocess downstream of a steam turbine and generator, asin Figures4 and 6. See
Table SA-3, column 4.)

0
EaJIocation - a Estm
Thermal energy exiting
the steam turbine

Where:

Eiocaion 1S the gross thermal output for allocation

E4 iSthe thermal energy in steam or hot water measured at a location

“Thermal energy exiting the steam turbine” is each location where thermal energy leavesa
steam turbine that is connected to the unit. (Location XTSt in Figures 4 and 6)

Primary approach for combustion turbine cogenerators:

b. Measuring gross therma output directly from the boiler less steam for electric

generation. For combustion turbine cogenerators, or for the less common situation
where some thermal energy is used in a process upstream of a steam turbine and
generator, another method for monitoring gross thermal output for allocations may

be appropriate. In this case, monitoring gross thermal output for allocation directly
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

E

Alternative

allocation

Where:

would be similar to monitoring gross thermal output for allocation for a steam
generator, with the additional requirement that the thermal output used to generate
electricity would be deducted from the gross thermal output. (See section VI.C.4.,
“ Gross Thermal Output under the Boiler Efficiency Approach”, pp. 87-89, for a
description of the basic energy balance approach used.) Deducting the grossthermal
energy used to generate electricity may require additional monitoring of the steam
used to generate electricity to determine the gross thermal output for alocation
(Table SA-3, Column 5, pp. 96-97):

0 0
= a. Es{m - a- Estm

Boiler thermal energy out  Thermal energy used for electrical generation

Eiocaion 1S the gross thermal output for allocation

E4 iSthe thermal energy in steam or hot water measured at a location

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BStin Figures 4, 5, and 6)

“Thermal energy used for electric generation” is each location where thermal energy goes

into a steam turbine to operate an electric generator. (Location ESt in Figures 4 and 6)

C.

Determining net thermal output measuring gross thermal output. For a source which

has existing net thermal output monitoring installed and which wishes to use this
equipment to determine gross thermal output for allocation the company can either:
use the monitored net thermal output as an estimate of gross output; or use the
monitored thermal output and add any monitored parasitic and house loads to
estimate the gross thermal output for allocation (Table SA-3, column 6). We think

these are likely options for monitoring thermal output monitoring at cogenerators.
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Thisis particularly true for steam cogenerators and combined cycle cogenerators,
since most useful thermal loads are located downstream of the steam turbine and

generator.

o
Eallocation - a Estm

Thermal energy for auseful process

or o o
Eallocation - a Estm + a Estm

Thermal energy for auseful process  Parasitic and house thermal |oads

Where:

E.iocaion 1S the gross thermal output for allocation

Ey., isthe thermal energy in steam or hot water measured at alocation

“Thermal energy for auseful process’ isthe number of placeswherethermal energy isused
to make a product for sale other than electricity (Locations USt or SSt in Figures 4, 5, and
6)

“Parasitic and housethermal |oads’ iseach | ocation wherethe source measuresor determines
losses of thermal energy from parasitic (auxiliary) or house thermal loads. (L ocations HSt
and PSt in Figures 4, 5, and 6)

Alternative d. Measuring gross thermal output from boiler less eguivalent electric output. For a

source which monitorsthe grossthermal output and the gross el ectric output from an
electric generator, a ssimplified option for estimating gross thermal output may be
used. (This approach would not apply to a combustion turbine cogenerator, but it
could apply to a steam cogenerator or to a combined cycle cogenerator with a
secondary electric generator.) A company would estimate the gross thermal output

for allocation by monitoring the grossthermal output from the boiler and the electric
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

output only. Under this approach, the company converts gross electric output to
equivalent steam energy using a conversion factor based on the manufacturer’s
design efficiency for the steam generator. The company would calculate the
conversion factor as follows:

& 0
¢3.413 MMBUL -
Steam equivalent = ¢ AAWh'

design efficiency, -
e asadecimal )

The company then deducts this energy from the gross thermal output of the boiler.
Thisprocedure doesnot requiredirect monitoring of the steam loads used to generate
power and may simplify monitoring (Table SA-3, column 7). Obviously, thismethod
will not be as exact as measuring the thermal output directly. Therefore, we would
not recommend that you allow sources to use this method if they are aready
measuring the thermal energy going into the steam turbine directly or if they are

already measuring the thermal energy for useful processes.

= ) 5 E 5 _ 3413
allocation ~ sm elect ; :
oceon Boiler thermal energym out  Converted electrical energy « deSI 9” turbl ne
efficiency

Where:

E.iocaion 1S the gross thermal output for allocation

Ey, isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BSt in Figures 4, 5, and 6)

“Converted electric energy” is the thermal energy for each location where thermal energy
goesinto asteam turbineto operate an el ectric generator. Itiscalculated by “ converting” the

gross electric output to thermal energy. (Location GEin Figure 4)
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

“3.413/Design turbine efficiency” is the conversion factor in mmBtu/MWh, calculated
using the manufacturer’ s design efficiency expressed as a decimal.
Monitoring example for a steam cogeneration facility under the smplified approach (see Figure 4,
p. 93)
Thisis an example of a steam boiler cogenerator which generates both electricity and steam. See
Tables SA-3 (pp. 96-97), SA-4 (pp. 98-99) and SA-5 (pp. 100-101).

The company could measure or estimate thermal and electric output as follows:

. Primary approach for net el ectric output: Net el ectric output for all ocation measured directly
would be UE+SE-OEOQ. (Table SA-4, column 8 or Table SA-5, column 8)

. Net electric output for allocation measured as gross el ectric output less parasitic and house
loads would be GE-PE-HE-OEOQO. (Table SA-4, column 9 or Table SA-5, column 9)

. Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table SA-3, column 8)

. Gross electric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table SA-3, column 9)

. Gross electric output for allocation measured as net el ectric output plus parasitic and house
loads would be SE+UE-OEO+PE+HE (Table SA-3, column 9)

. Primary approach for net thermal output: Net thermal output for all ocation measured directly
would be USt+SSt (Table SA-4, column 4).

. Net thermal output for allocation from cogeneratorswith process steam used downstream of

asteam turbine, determined as gross thermal output from the exit of the steam turbine less
parasitic and house loads, would be X TSt-PSt-HSt (Table SA-4, column 5).

. Net thermal output for allocation from cogenerators with process steam used upstream of a
steam turbine determined as gross thermal output from the boiler less parasitic and house
|loadsand steam used to generate el ectricity would be BSt-PSt-HSt-ESt (Table SA-4, column
6).

. Net thermal output for allocation determined as gross thermal output from the boiler less
parasitic and house loads and measured gross electric output converted to an equivalent

steam output using the conversionfactor inmmBtu/MWhwould be BSt-PSt-HSt-GEgry gquiv
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

(Table SA-4, column 7).

. Primary approach for gross thermal output: Gross thermal output for alocation measured

directly from cogenerators with process steam used downstream of a steam turbine would
be XTSt (Table SA-3, column 4, or Table SA-5, column 4)

. Grossthermal output for all ocation measured directly from cogeneratorswith process steam
used upstream of a steam turbine or from combustion turbines would be BSt-ESt+X TSt or
BSt-ESt, respectively (Table SA-3, column 5, or Table SA-5, column 5)

. Grossthermal output for allocation measured as net thermal output plus parasitic and house
loads would be USt+SSt+PSt+HSt (Table SA-3, column 6 or Table SA-5, column 6)
. Grossthermal output for all ocation measured asgrossthermal output from the boiler lessthe

equivalent steam for ameasured gross el ectric load would be BSt-GEgry gquy (Table SA-3,

column 7 or Table SA-5, column 7)
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

M onitoring examplefor acombustion turbine cogenerator under thesimplified approach (see Figure
5, p.%4

Thisisan example of acombustion turbine cogenerator which generates both electricity and steam.
Thiscogenerator doesnot have asteam turbine. See Tables SA-3 (pp. 96-97), SA-4 (pp. 98-99) and
SA-5 (pp. 100-101).

The company could measure or estimate thermal and el ectric output as follows:

. Primary approach for net el ectric output: Net el ectric output for allocation measured directly
would be UE+SE-OEO. (Table SA-4, column 8 or Table SA-5, column 8)

. Net electric output for allocation measured as gross electric output less parasitic and house
loads would be GE-PE-HE-OEOQ. (Table SA-4, column 9 or Table SA-5, column 9)

. Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table SA-3, column 8)

. Gross electric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table SA-3, column 9)

. Gross electric output for allocation measured as net electric output plus parasitic and house
loads would be SE+UE-OEO+PE+HE (Table SA-3, column 9)

. Primary approach for net thermal output: Net thermal output for all ocation measured directly
would be USt+SSt (Table SA-4, column 4).

. Net thermal output for allocation from combustion turbines determined as gross thermal

output from the boiler less parasitic and house loads would be BSt-PSt-HSt (Table SA-4,

column 6).

. Primary approach for gross thermal output: Gross thermal output for allocation measured
directly from combustion turbineswould be BSt-ESt (Table SA-3, column 5, or Table SA-5,
column 5)

. Grossthermal output for allocation measured as net thermal output plus parasitic and house

loads would be USt+SSt+PSt+HSt (Table SA-3, column 6 or Table SA-5, column 6)
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

M onitoring example for acombined cycle cogeneration facility under the simplified approach. (See

Figure 6, p. 95)
Thisisan example of acombined cycle cogenerator which generates both el ectricity and steam. See
Tables SA-3 (pp. 96-97), SA-4 (pp. 98-99) and SA-5 (pp. 100-101).

The company could measure or estimate thermal and electric output as follows:

Primary approach for net electric output: Net el ectric output for all ocation measured directly
would be UE+SE-OEOQ. (Table SA-4, column 8 or Table SA-5, column 8)

Net electric output for allocation measured as gross el ectric output less house and parasitic
losses would be GE-PE-HE-OEO. (Table SA-4, column 9 or Table SA-5, column 9)
Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table SA-3, column 8)

Gross el ectric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table SA-3, column 9)

Gross electric output for allocation measured as net el ectric output plus parasitic and house
loads would be SE+UE-OEO+PE+HE (Table SA-3, column 9)

Primary approach for net thermal output: Net thermal output for all ocation measured directly
would be USt+SSt (Table SA-4, column 4).

Net thermal output for allocation from cogeneratorswith process steam used downstream of

a steam turbine, determined as gross thermal output from the exit of the steam turbine less
parasitic and house loads, would be X TSt-PSt-HSt (Table SA-4, column 5).

Net thermal output for allocation from cogenerators with process steam used upstream of a
steam turbine determined as gross thermal output from the HRSG less parasitic and house
|loadsand steam used to generate el ectricity would be BSt-PSt-HSt-ESt (Table SA-4, column
6).

Net thermal output for allocation determined as gross thermal output from the boiler less
parasitic and house loads and measured gross electric output converted to an equivalent
steam output using aconversion factor in mmBtu/MWh would be BSt-PSt-HSt-GEgpy gquiv
(Table SA-4, column 7).

Primary approach for gross thermal output: Gross thermal output for allocation measured
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

directly from cogenerators with process steam used downstream of a steam turbine would
be XTSt (Table SA-3, column 4, or Table SA-5, column 4)

. Grossthermal output for all ocation measured directly from cogeneratorswith process steam
used upstream of a steam turbinewould be BSt-ESt+X TSt (Table SA-3, column 5, or Table
SA-5, column 5)

. Grossthermal output for allocation measured as net thermal output plus parasitic and house
loads would be USt+SSt+PSt+HSt (Table SA-3, column 6 or Table SA-5, column 6)

. Grossthermal output for all ocation measured asgrossthermal output from the boiler lessthe

equivalent steam for ameasured gross el ectric load would be BSt-GEg;y gquy (Table SA-3,

column 7 or Table SA-5, column 7)
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IGURE ~ 5(repeated)
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FFFFFFF (repected)

Figure6
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|| Table BE-3, Monitoring Cogenerator for Gross Electric Output and Gross Thermal Output under the Boiler Efficiency Approach ||

Overall System Description Possible Monitoring Locations Gross Thermal Output for Allocation Gross Electric Output
In this column are the various In this column are the specific points
systems associated with boilers and which might need to be monitored .
electric generators as defined in the under different approaches. Gross thermal Gross thermal Net thermal Gross thermal Gross_ Net electric
diagrams The letter in the first column output output measured output plus output measured | electric output plus
measured directly at parasitic and directly at output parasitic and
corresponds to letters used on the h . . .
associated diagrams directly at exit HRSG/boiler less house loads less HRSG/t_\OlIer meesured hours loads
from steam steam used for steam used for less equivalent directly
turbine electric electric electric output in
generation generation mmBtu.
Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out -- Measure(+) -- Measure(+) -- --
Note: flow in feedwater return and BFR Boiler feedwater Mesasure(-) Mesasure(-) Measure (-) Measure(-) -- -
make up water must equal steam out return
flow
MUW | Make up water Mesasure(-) Mesasure(-) Measure (-) Mesasure(-) -- --
Steam Return and Reheat System RStO Reheat steam out Measure(+) Measure(+) -- Measure(+) -- --
Note: flow in reheat steam out must
equal flow in reheat steam entering RSt Steam returning to boiler Measure(-) Measure(-) -- Measure(-) -- --
boiler for reheating
Steam Used to Generate Electric ESt Steam entering a turbine -- Mesasure(-) -- -- -- --
Power in a Steam Turbine
XTSt Steam exhaust from a Measure (+) Measure (+) -- -- -- --
turbine
Useful Thermal Loads uUst Useful steam or hot water | -- -- Measure (+) -- -- --
entering a process
XSt Steam or hot water exiting | -- -- -- -- -- --
aprocess
SSt Steam sold at point of sale | -- -- Measure (+) -- -- --
XSt Return condensate or -- -- -- -- -- --
steam from buyer
Losses Associated with Generation of | PSt Parasitic steam loads -- -- Measure (+) -- -- --
Thermal Output
HSt House steam loads -- -- Measure (+) -- -- --
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|| Table BE-3, Monitoring Cogenerator for Gross Electric Output and Gross Thermal Output under the Boiler Efficiency Approach ||

Overall System Description
In this column are the various

Possible Monitoring Locations
In this column are the specific

Gross Thermal Output for Allocation

Gross Electric Output

systems associated with boilers points which might need to be Grossthermal | Grossthermal Net thermal Grossthermal | Gross Net electric
:and ele(_:trl c generators as defined | monitored under different output output output plus output electric output plus
in the diagrams approaches. _ measured measured parasitic and measured output parasitic and
The letter in the first column directly at exit | directly at house loads directly at measured | hours loads
corresponds to |etters used on from steam HRSG/boiler less steam HRSG/boiler | directly
the associated diagrams turbine lesssteam used | used for less equivalent | (Primary)
(Primary) for electric electric electric output
generation generation in mmBtu.
Column 1 2 3 4 (con't) 5 (con't) 6 (con't) 7 (con't) 8 (con't) 9 (con't)
Electric Generation GE Electric power - - - Measure and Measure | —
measured at generator convert to +)
terminals mmBtu (-)
SE Electric power leaving | -- - - - - Measure (+)
plant to electric grid
UE Electric power used - - - - - Measure (+)
internal to a
cogenerator or
industrial facility for a
useful purpose
Electric Power Used on SiteNot | OEO | Electric power coming | -- - - - - Measure (-)
Generated by the Facility from grid or other
power source to plant
during operation
OEN Electric power coming | -- - - - - -
from grid or other
source during non
operation
Losses Associated with PE Parasitic electric loads | -- - - - - Measure (+)
Generation of Electricity
HE House el ectric loads -- -- -- — -- Measure (+)
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|| Table BE-4, Monitoring Cogenerator (CHP) for Net Electric Output and Net Thermal Output under the Boiler Efficiency Approach ||

Overall System Description Possible Monitoring Locations Net Thermal Output for Allocation Net Electric Output
In this column are the various In this column are the specific points
systems associated with which might need to be monitored under | Net thermal Gross Gross thermal Measure gross thermal Net electric Gross
boilers and electric generators | different approaches. output thermal output from output from HRSG/boiler | output electric
as defined in the diagrams The letter in the first column measured output from HRSG/boiler less less parasitic loads, measured output less
corresponds to letters used on the directly less exit of steam | parasitic and house | houseloads, return directly parasitic
associated diagrams steam used for | turbine less loads |ess steam feedwater and equivalent | (Primary) and hours
electric parasiticand | used for electric electric output expressed loads
generation house loads generation in mmBtu.
(Primary)
Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out - -- Measure (+) Measure (+) - -
Note: flow in feedwater return BFR Boiler feedwater Measure (-) Measure (-) Measure (-) Measure (-) - -
and make up water must equal return
steam out flow
MUW Make up water Measure (-) Measure (-) Measure (-) Measure (-) -- --
Steam Return and Reheat RStO Reheat steam out - Measure (+) Measure (+) Measure (+) - -
System
Note: flow in reheat steam out ] ]
must equal flow in rehest RSt Steam' returning to boiler for - Measure (-) Measure (-) Measure (-) - -
h ) reheating
steam entering boiler
Steam Used to Generate ESt Steam entering aturbine Measure (-) -- Measure (-) -- - -
Electric Power in a Steam
Turbine XTSt Steam exhaust from aturbine | -- Measure (+) -- -- - -
Useful Thermal Loads ust Useful steam entering a Measure (+) -- -- -- -- -
process
XSt Steam or hot water exiting a -- -- -- -- -- -
process
SSt Steam sold at point of sale Measure (+) -- -- -- -- -
XSt Return condensate or steam - - - - - -
from buyer
L osses Associated with PSt Parasitic steam loads - Measure (-) Measure (-) Measure (-) - -
Generation of Thermal Output
HSt House steam loads -- Measure (-) Measure (-) Measure (-) - --
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|| Table BE-4, Monitoring Cogenerator (CHP) for Net Electric Output and Net Thermal Output under the Boiler Efficiency Approach ||

Overall System Description
In this column are the
various systems associated

Possible Monitoring Locations
In this column are the specific
points which might need to be

Net Thermal Output for Allocation

Net Electric Output

’ ; h : ) Net thermal Gross Gross thermal Measure grossthermal | Net electric | Gross
with boilers and electric monitored under different output thermal output from output from output electric
generators as defined in the | approaches. _ measured output HRSG/boiler less | HRSG/boiler less measured | output
diagrams The letter in the first column directly less | from exit parasitic and parasitic loads, house | directly less

corresponds to letters used on the steam used of steam house loadsless | loads, return (Primary) | parasitic
associated diagrams for electric turbine less | steam used for feedwater and and hours
generation parasitic electric equivalent electric loads
(Primary) and house generation output expressed in
loads mmBtu.
Column 1 2 3 4 (con't) 5 (con't) 6 (con't) 7 (con't) 8 (con't) 9 (con't)
Electric Generation GE Electric power measured -- - - Measure and convert -- Measure
at generator terminals to mmBtu (-) )
SE Electric power leaving -- - - - Measure -
plant to electric grid )
UE Electric power used -- - - - Measure --
internal to a cogenerator )
or industrial facility for a
useful purpose
Electricity Used on Site OEO Electric power coming -- - - - Measure Measure
Not Generated by the from grid or other power ) )
Facility source to plant during
operation
OEN Electric power coming -- - - - - --
from grid or other source
during non operation
Losses Associated with PE Parasitic electric loads -- - - - -- Measure
Generation of Electricity )
HE House electric loads -- - - - -- Measure
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|| Table BE-5, Monitoring Cogen (CHP) for Net Electric Output and Gross Thermal Output under the Boiler Efficiency Approach ||

Overall System Description
In this column are the various

Possible Monitoring Locations
In this column are the specific

Gross Thermal Output for Allocation

Net Electric Output

systems associated with boilers | points which might need to be Grossthermal | Grossthermal Net thermal Gross thermal Net electric | Gross
and electric generators as monitored under different output output output plus output measured output electric
defined in the diagrams approaches. measured measured parasitic and directly from measured output
The letter in the first column directly from | directly from house loads HRSG/boiler less | directly less
corresponds to letters used on the exit of steam HRSG/boiler lesssteam used | equivaent net (Primary) parasitic
associated diagrams turbine lesssteam used | for electric electric output in and house
(Primary) for electric generation mmBtu. loads
generation
Column 1 2 3 4 5 6 7 8 9
Primary Steam System BSt Main boiler steam out - Measure(+) - Measure(+) - -
Note: flow in feedwater return and BFR Boiler feedwater Measure(-) Measure(-) Measure (-) Measure(-) - -
make up water must equal steam out return
flow
MUW Make up water Measure(-) Measure(-) Measure (-) Measure(-) - -
Steam Return and Reheat System RStO Reheat steam out Measure(+) Measure(+) - Measure(+) - -
Note: flow in reheat steam out must
equal flow in reheat steam entering RSt Steam returning to boiler Measure(-) Measure(-) - Measure(-) - -
boiler for reheating
Steam Used to Generate Electric ESt Steam entering a turbine - Measure(-) - - - -
Power in a Steam Turbine
XTSt Steam exhaust from a Measure (+) Measure (+) - - - -
turbine
Useful Thermal Loads ust Useful steam entering a - - Measure (+) - - -
process
XSt Steam or hot water exitinga | -- -- -- -- - -
process
Sst Steam sold at point of sale - - Measure (+) - - -
XSt Return condensate or steam | -- - - - - -
from buyer
L osses Associated with Generation PSt Parasitic steam loads - - Measure (+) - - -
of Thermal Output
HSt House steam |oads - - Measure (+) - - -
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|| Table BE-5, Monitoring Cogen (CHP) for Net Electric Output and Gross Thermal Output under the Boiler Efficiency Approach ||

Overall System Description
In this column are the various

Possible Monitoring Locations
In this column are the specific

Gross Thermal Output for Allocation

Net Electric Output

systems associated with boilers | points which might need to be Grossthermal | Gross thermal Net thermal Gross thermal Net electric | Gross
and electric generators as monitored under different output output output plus output measured output electric
defined in the diagrams approaches. measured measured parasitic and directly from measured output
The letter in the first column directly from | directly from house loads HRSG/boiler less | directly less
corresponds to letters used on the exit of steam HRSG/boiler lesssteam used | equivaent net (Primary) parasitic
associated diagrams turbine lesssteam used | for electric electric output in and house
(Primary) for electric generation mmBtu. loads
generation
Column 1 2 3 4 (con't) 5 (con't) 6 (con't) 7 (con't) 8 (con't) 9
Electric Generation GE Electric power measured at -- -- - Measure and -- Measure
generator terminals convert to mmBtu (+)
)
SE Electric power leaving plant | -- - - -- Measure (+) | —
to electric grid
UE Electric power used internal | -- - - -- Measure (+) -
to a cogenerator or
industria facility for a
useful purpose other than
generation of electricity
Electric Power Used on Site Not OEO Electric power coming from | -- -- - -- Measure (-) Measure
Generated by the Facility grid or other power source )
to plant during operation
OEN Electric power coming from | -- - - - - -
grid or other source during
non operation
Losses Associated with Generation PE Parasitic electric loads -- -- - -- -- Measure
of Electricity )
HE House electric loads -- -- - -- -- Measure
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

4. Monitoring Net Thermal Output under the Boiler Efficiency Approach.

It is important to remember that the net thermal output used for allocations is the thermal

output used to perform useful work inaprocessonly, not thermal output used to generate el ectricity.

Thisisreferred to as“net thermal output for allocation” to distinguish it from *net thermal output”

which includes thermal output used in electric generation.

Primary approach:

@

M easuring net thermal output directly. A cogeneration (CHP) facility which

isrequiredto determinethenet thermal output for allocation may measurethe
useful thermal output directly. Monitoring net thermal output directly is
similar to monitoring net thermal output for allocation for a steam generator,
with the additional requirement that thermal energy used to generate
electricity would not be included as net thermal output. In generd, a
company would measure thethermal energy going into and out of each useful
process and then calculate the net thermal energy as the sum of the
differences between the thermal energy going into the useful processes and
exiting the useful processes (Table BE-4, column 4, pp. 120-121).
E - 0 0

net — d Estm ) d Estm

Thermal energy for auseful process  Thermal energy returning to boiler

E,« isthe net thermal output
E4 iSthe thermal energy in steam or hot water measured at a location
“Thermal energy for auseful process’ isthe number of placeswherethermal energy isused

to make a product for sale other than electricity (Locations USt and SStin Figures 4, 5, and

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,
such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

Alternative Determining net thermal output measuring gross thermal output. A cogeneration or
CHP facility which is required to monitor net thermal output which has an existing
gross thermal output system and which does not have a system for measuring net
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Alternative

Where:

output directly may determinethe net thermal output asthegrossthermal output after
the steam turbine and generator |esshousethermal loads, parasitic thermal loads, and
boiler feedwater return (Table BE-4, column 5). (This is appropriate for steam
cogenerators and combined cycle cogeneratorswith process steam used downstream

of a steam turbine and generator, asin Figures 4 and 6.)

o] 0] 0]
Enet - a Estm ) d Estm ) d Estm
Thermal energy exiting  Parasitic and house thermal loads ~ Thermal energy returning to boiler
the steam turbine

E,« isthe net thermal output

E4 iSthe thermal energy in steam or hot water measured at a location

“Thermal energy exiting the steam turbine” is each location where thermal energy leaves a

steam turbine that is connected to the unit. (Location XTSt in Figures 4 and 6)

“House and parasitic thermal loads’ is each location where the source measures or

determines losses of thermal energy from parasitic (auxiliary) or house thermal loads.
(Location HSt and PSt in Figures 4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,
such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

C.

Measuring gross thermal output directly from the boiler less steam for electric

generation. For combustion turbine cogenerators, or for the less common situation
where some thermal energy is used in a process upstream of a steam turbine and
generator, a source might monitor gross thermal output from the boiler, minus the
thermal output going to el ectric generation. Inthiscase, acogeneration (CHP) facility
which is required to monitor net thermal output which does not have a system for
measuring net output directly may determine the net thermal output as the gross

thermal output from the HRSG or boiler less house thermal loads, parasitic thermal
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Where;

loads, and boiler feedwater and the steam used for electric generation in a steam

turbine and generator (Table BE-4, column 6).

o] [¢] 0 0
Enet - a Estm B a Estm B a Estm B a Estm
Boiler therma energy out Parasitic and house thermal loads ~ Thermal energy returning to boiler  Thermal energy used
for electric generation

E,« iSthe net thermal output

Ey, isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BSt in Figures 4, 5, and 6)

“House and parasitic thermal loads’ is each location where the source measures or

determines losses of thermal energy from parasitic (auxiliary) or house thermal loads.
(Location HSt and PSt in Figures 4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,

such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

“Thermal energy used for electric generation” is each location where thermal energy goes

into a steam turbine to operate an electric generator. (Location EStin Figures 4 and 6)

Alternative (special case):

d.

M easuring gross thermal output from boiler less equivalent electric output. For the

less common situation where some thermal energy is used in a process upstream of
asteam turbine and generator, sources might monitor gross thermal output from the
boiler, including thermal output for electric generation. (This approach would not
apply to acombustion turbine cogenerator, but it could apply to a steam cogenerator

or to a combined cycle cogenerator with a secondary electric generator.) For a
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

cogeneration (CHP) facility in this situation which is required to determine both net

electricoutput for alocationsand net steam for output all ocationsand which doesnot

monitor net output directly, the net thermal output may be determined as follows.

The source would measure the gross thermal output from the HRSG or boiler, less

the parasitic and house loads, the boiler feedwater return and less the gross electric

output from the generator converted to equivalent steam energy using the design

steam turbine generator efficiency (See Table BE-4, column 7, pp. 120-121). Note

that when converting electric power to an equivalent steam load to deduct from the

net thermal output, a source would convert the gross electric output, not the net

electric output, to an equivalent thermal output. Obviously, thismethod will not be

as exact as measuring the thermal output directly. Therefore, we would not

recommend that you allow sources to use this method if they are already measuring

the thermal energy going into the steam turbine directly or if they are aready

measuring the thermal energy for useful processes.

E.= AQE aE aE a S
et sm T st ) stm ” 4t degign turbine
" Boiler thermal merg;n out  Parasitic and house therr;nal loads ~ Therma energy " Converted gross electrical output deS g.n turbine
returning to boiler effici ency
Where:

E,.« iSthe net thermal output

Ey., isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or

HRSG. (Location BSt in Figure 4, 5, and 6)

“Parasitic and house thermal loads’ is each location where the source measure or determine

losses of thermal energy from parasitic (auxiliary) or house thermal loads. (Locations PSt

and HSt in Figures 4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,

such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

“Converted electric energy” is the thermal energy for each location where thermal energy
goesinto asteam turbineto operate an el ectric generator. Itiscalculated by “ converting” the
gross electric output to thermal energy. (Location GE in Figures 4, 5, and 6)
“3.413/Designturbineefficiency” isthe conversionfactor inmmBtu/MWh, cal culated using
the manufacturer’s design efficiency expressed as adecimal.

5. Monitoring Gross Thermal Output under the Boiler Efficiency Approach.

For acogeneration or combined heat and power (CHP) facility required to monitor both gross
thermal output and gross el ectric output, the monitoring locations are described in Table BE-3 (pp.
118-119). Itisimportant to remember that the gross thermal output used for alocationsisthe total
gross thermal output of the boiler (gross thermal output) less the output used for generation of
electricity (we refer to this as “gross thermal output for allocation”). (Thermal energy used to
generate electricity will receive an alocation indirectly through the allocation of allowances for
electric output.)

Primary approach for steam cogenerators or combined cycle systems:

a M easuring grossthermal output directly at the exit from asteam turbine: One method

for monitoring gross thermal output for allocation would be to measure thermal
energy remaining after steam has exited the steam turbine. (This is a common
configuration for steam cogenerators and combined cycle cogenerators that use
process steam downstream of a steam turbine and generator, asin Figures 4 and 6.
See Table BE-3, column 4.)

0 0
EaIIocation = a Estm ) a Estm

Thermal energy exiting  Thermal energy returning to boiler
the steam turbine

Where:

Eiocaion 1S the gross thermal output for allocation
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

E4 iSthe thermal energy in steam or hot water measured at a location

“Thermal energy exiting the steam turbine” is each location where thermal energy leaves a
steam turbine that is connected to the unit. (Location XTSt in Figures 4 and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,
such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

Primary approach for combustion turbine cogenerators:

b. Measuring gross thermal output directly from the boiler less steam for electric

generation. For combustion turbine cogenerators, or for the less common situation
where some thermal energy is used in a process upstream of a steam turbine and
generator, another method for monitoring gross thermal output for allocations may
be appropriate. In this case, monitoring gross thermal output for allocation directly
would be similar to monitoring gross thermal output for allocation for a steam
generator, with the additional requirement that the thermal output used to generate
electricity would be deducted from the gross thermal output. (See section VI.C.4,
“ Gross Thermal Output under the Boiler Efficiency Approach”, pp. 87-89, for a
description of the basic energy balance approach used.) Deducting the grossthermal
energy used to generate electricity may require additional monitoring of the steam
used to generate electricity to determine the gross thermal output for allocation
(Table BE-3, Column 5, pp. 118-119):

0 0 0
Eallocation = a Estm B a Estm B a Estm

Boiler thermal energy out  Thermal energy returning to boiler  Thermal energy used for electrical generation

Where:
E.iocation 1S the gross thermal output for allocation

Ey, isthe thermal energy in steam or hot water measured at alocation
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BStin Figures4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,
such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

“Thermal energy used for electric generation” is each location where thermal energy goes
into a steam turbine to operate an electric generator. (Location ESt in Figures 4 and 6)

Alternative c. Determining net thermal output measuring gross thermal output. For a source which

has existing net thermal output monitoring installed and which wishes to use this
equipment to determine gross thermal output for allocation the company can either:
use the monitored net thermal output as an estimate of gross output; or use the
monitored thermal output and add any monitored parasitic and house loads to
estimate the gross thermal output for allocation (Table BE-3, column 6). We think
these are likely options for monitoring thermal output monitoring at cogenerators.
This is particularly true for steam cogenerators and combined cycle cogenerators,

since most useful thermal loads are located downstream of the steam turbine and

generator.
_ o] o]
Eallocation - a Estm B a Estm
Thermal energy for auseful process  Thermal energy returning to boiler
or
_ o] o] [¢]
Eallocation - d Estm + a Estm B da Estm
Thermal energy for auseful process  Parasitic and house thermal loads ~ Thermal energy returning to boiler
Where:
Eiocaion 1S the gross thermal output for allocation
E4 iSthe thermal energy in steam or hot water measured at a location
“Thermal energy for auseful process’ isthe number of placeswherethermal energy isused
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Alternative

to make a product for sale other than electricity (Locations USt or SStin Figures 4, 5, and
6)

“Parasitic and housethermal loads’ iseach |ocation wherethe source measuresor determines

losses of thermal energy from parasitic (auxiliary) or house thermal loads. (L ocations HSt
and PSt in Figures 4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,

such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

d.

M easuring gross thermal output from boiler less equivalent el ectric output. For a

source which monitors the gross thermal output and the gross electric output, a
simplified option for estimating gross thermal output may be used. (This approach
would not apply to a combustion turbine cogenerator, but it could apply to a steam
cogenerator or to acombined cycle cogenerator with asecondary electric generator.)
A company would estimate the gross thermal output for allocation by monitoring the
gross thermal output from the boiler and the electric output only. Under this
approach, the company converts gross electric output to equivalent steam energy
using aconversion factor based onthe manufacturer’ sdesign efficiency for the steam
turbine generator. The company would cal culate the conversion factor as follows:

& 0
¢3.413 MMBUL -
Steam equivalent = ¢ AAWh'

design efficiency, -
e asadecimal )

The company then deducts this energy from the gross thermal output of the boiler.
Thisprocedure doesnot requiredirect monitoring of the steam loads used to generate
power and may simplify monitoring (Table BE-3, column 7). Obvioudly, thismethod
will not be as exact as measuring the thermal output directly. Therefore, we would

not recommend that you allow sources to use this method if they are aready
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

measuring the thermal energy going into the steam turbine directly or if they are

already measuring the thermal energy for useful processes.

E = acE aE a B, ——o3
allocation st - st ” elect ; :
on Boiler thermal energ;/T1 out  Thermal energy returni ngntqo boiler Converted electrical energy des gn tUrbI ne
efficiency

Where:

E.iocaion 1S the gross thermal output for allocation

Ey., isthe thermal energy in steam or hot water measured at alocation

“Boiler thermal energy out” is each location where thermal energy leaves the boiler or
HRSG. (Location BSt in Figures 4, 5, and 6)

“Thermal energy returning to boiler” iswhere thermal energy returnsto the boiler or HRSG,
such asin the boiler feedwater return. (Location BFR in Figures 4, 5, and 6)

“Converted electric energy” is the thermal energy for each location where thermal energy
goesinto asteam turbineto operate an el ectric generator. Itiscalculated by “ converting” the
gross electric output to thermal energy. (Location GEin Figure 4)

“3.413/Design turbine efficiency” is the conversion factor in mmBtu/MWh, calculated

using the manufacturer’ s design efficiency expressed as adecimal.

Final EPA Guidance Document Devel oping and Updating Output-Based
May 8, 2000 Page 132 NOx Allowance Allocations



Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Monitoring example for a steam cogeneration facility under the boiler efficiency approach (see

Figure 4, p. 115)

Thisis an example of a steam boiler cogenerator which generates both electricity and steam. See
Tables BE-3 (pp. 118-119), BE-4 (pp. 120-121), and BE-5 (pp. 122-123).

The company could measure or estimate thermal and electric output as follows:

Primary approach for net electric output: Net el ectric output for all ocation measured directly
would be UE+SE-OEO. (Table BE-4, column 8 or Table BE-5, column 8)

Net electric output for allocation measured as gross el ectric output less parasitic and house
loads would be GE-PE-HE-OEOQO. (Table BE-4, column 9 or Table BE-5, column 9)
Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table BE-3, column 8)

Gross electric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table BE-3, column 9)

Gross electric output for allocation measured as net el ectric output plus parasitic and house
loads would be SE+UE-OEO+PE+HE (Table BE-3, column 9)

Primary approach for net thermal output: Net thermal output for allocation measured directly
would be USt+SSt-BFR-MUW (Table BE-4, column 4).

Net thermal output for allocation from cogenerators with process stream used downstream
of asteam turbine, determined asgrossthermal output from the exit of the steam turbineless
parasitic and house loads, would be X TSt-BFR-MUW-PSt-HSt (Table BE-4, column 5).
Net thermal output for allocation from cogenerators with process steam used upstream of a
steam turbine determined as gross thermal output from the boiler less parasitic and house
loads and steam used to generate electricity would be BSt-BFR-MUW-PSt-HSt-ESt (Table
BE-4, column 6).

Net thermal output for allocation determined as gross thermal output from the boiler less
parasitic and house loads and measured gross electric output converted to an equivalent
steam output using the conversion factor in mmBtu/MWh would be BSt-BFR-MUW-PSt-
HSt-GEgy.gourv (Table BE-4, column 7).

Primary approach for gross thermal output: Gross thermal output for allocation measured
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directly from most cogeneratorswith steam turbineswould be X TSt-BFR-MUW (Table BE-
3, column 4, or Table BE-5, column 4)

. Grossthermal output for all ocation measured directly from cogeneratorswith process steam
used upstream of a steam turbine or from combustion turbines would be BSt-BFR-MUW-
ESt+XTSt or BSt-BFR-MUW-ESL, respectively (Table BE-3, column 5, or Table BE-5,

column 5)

. Grossthermal output for allocation measured as net thermal output plus parasitic and house
loads would be USt+SSt+PSt+HSt-BFR-MUW (Table BE-3, column 6 or Table BE-5,
column 6)

. Grossthermal output for all ocation measured asgrossthermal output from the boiler lessthe

equivalent steam for ameasured gross electric load would be BSt-BFR-MUW-GEgpy gquiy
(Table BE-3, column 7 or Table BE-5, column 7)
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Section VI.D.: How could sources monitor electric and thermal output at a cogeneration facility?

Monitoring examplefor acombustion turbine cogenerator under the boiler efficiency approach (see

Figure5, p. 116)

Thisisan example of acombustion turbine cogenerator which generates both electricity and steam.
This cogenerator does not have a steam turbine. See Tables BE-3 (pp. 118-119), BE-4 (pp. 120-
121), and BE-5 (pp. 122-123).

The company could measure or estimate thermal and el ectric output as follows:

Primary approach for net el ectric output: Net el ectric output for allocation measured directly
would be UE+SE-OEO. (Table BE-4, column 8 or Table BE-5, column 8)

Net electric output for allocation measured as gross el ectric output less parasitic and house
loads would be GE-PE-HE-OEO. (Table BE-4, column 9 or Table BE-5, column 9)
Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table BE-3, column 8)

Gross electric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table BE-3, column 9)

Gross electric output for allocation measured as net electric output plus parasitic and house
loads would be SE+UE-OEO+PE+HE (Table BE-3, column 9)

Primary approach for net thermal output: Net thermal output for all ocation measured directly
would be USt+SSt-BFR-MUW (Table BE-4, column 4).

Net thermal output for allocation from combustion turbines determined as gross thermal
output from the boiler less parasitic and house loads would be BSt-BFR-MUW-PSt-HSt
(Table BE-4, column 6).

Primary approach for gross thermal output: Gross thermal output for allocation measured
directly from combustion turbines would be BSt-BFR-MUW-ESt, (Table BE-3, column 5,
or Table BE-5, column 5)

Grossthermal output for allocation measured as net thermal output plus parasitic and house
loads would be USt+SSt+PSt+HSt-BFR-MUW (Table BE-3, column 6 or Table BE-5,

column 6)
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M onitoring examplefor acombined cycle cogeneration facility under theboil er efficiency approach.

(SeeFigure6, p. 117)
Thisisan example of acombined cycle cogenerator which generates both el ectricity and steam. See
Tables BE-3 (pp. 118-119), BE-4 (pp. 120-121), and BE-5 (pp. 122-123).

The company could measure or estimate thermal and electric output as follows:

Primary approach for net electric output: Net el ectric output for all ocation measured directly
would be UE+SE-OEO. (Table BE-4, column 8 or Table BE-5, column 8)

Net electric output for allocation measured as gross el ectric output less house and parasitic
losses would be UE+SE-PE-HE-OEO. (Table BE-4, column 9 or Table BE-5, column 9)
Primary approach for gross electric output: Gross electric output for allocations measured
directly would be GE. (Table BE-3, column 8)

Gross el ectric output for allocations estimated as net el ectric output would be SE+UE-OEO
(Table BE-3, column 9)

Gross electric output for allocation measured as net el ectric output plus parasitic and house
loads would be SE+UE-OEO-PE+HE (Table BE-3, column 9)

Primary approach for net thermal output: Net thermal output for all ocation measured directly
would be USt+SSt-BFR-MUW (Table BE-4, column 4).

Net thermal output for allocation from cogeneratorswith process steam used downstream of
a steam turbine, determined as gross thermal output from the exit of the steam turbine less
parasitic and house loads, would be X TSt-BFR-MUW-PSt-HSt (Table BE-4, column 5).
Net thermal output for allocation from cogenerators with process steam used upstream of a
steam turbine determined as gross thermal output from the HRSG less parasitic and house
loads and steam used to generate electricity would be BSt-BFR-MUW-PSt-HSt-ESt (Table
BE-4, column 6).

Net thermal output for allocation determined as gross thermal output from the boiler less
parasitic and house loads and measured gross electric output converted to an equivalent
steam output using aconversion factor inmmBtu/MWhwould be BSt-BFR-MUW-PSt-HSt-
GEgry.gouv (Table BE-4, column 7).

Primary approach for gross thermal output: Gross thermal output for allocation measured
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directly from cogenerators with process steam used downstream of a steam turbine would
be XTSt-BFR-MUW (Table BE-3, column 4, or Table BE-5, column 4)

. Grossthermal output for all ocation measured directly from cogeneratorswith process steam
used upstream of asteam turbinewould be BSt-BFR-MUW-ESt+X TSt (Table BE-3, column
5, or Table BE-5, column 5)

. Grossthermal output for allocation measured as net thermal output plus parasitic and house
loads would be USt+SSt+PSt+HSt-BFR-MUW (Table BE-3, column 6 or Table BE-5,
column 6)

. Grossthermal output for allocation measured asgrossthermal output fromthe boiler lessthe

equivalent steam for ameasured gross electric load would be BSt-BFR-MUW-GEgy goui
(Table BE-3, column 7 or Table BE-5, column 7)
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Section VI.E.: How do | calculate output data from supporting data?

E. How do | calculate output data from supporting data?
Thermal output
Y ou can calculate the thermal energy or thermal output of astream of steam or hot water as

follows:

ammBtuo,

Egm(mmBtu) = H - Q(Ib)

Where:

Egm = total thermal energy in steam or water for an hour
H = enthalpy from standard thermodynamic steam table
Q = tota massflow of steam or water for an hour

If you have aflowmeter that measures the volume of steam or water instead of the mass, you
will also need to know the density or specific volume. Y ou can find thisinformation in steam tables
for saturated steam if you know the pressure or the temperature. Mass flow equals the volumetric
flow multiplied by the density.

To usethe equation above, you will need to determine the enthal py using asteam table. Here
is an example of how you would determine the enthal py of saturated steam or hot water. You can
expect steam to be saturated in most industrial or institutional boilers. You will need to use the
absolute pressure of the steam or hot water, ameasured value. For saturated steam, the temperature
is determined by the pressure. Below are example entries from ASME’s steam tables in English
units. (Themetric unitsareEC and K, kPa, cm*/kg, and kJ/kg.) Of the columnsinthetable, the ones
you need to be concerned about are the columns for temperature, absolute pressure, and enthal py.
Typicaly, you will only need to use the column for the enthal py of water or the column for the total
enthalpy of steam. (The column “Evap” refersto the enthalpy or latent heat needed to heat water at
the boiling point until it becomes steam at the boiling point, but you probably won’t need to usethis
column.)

If you knew you had warm water and a source’ s measurements gave an absolute pressure
reading of 0.5 psia, then the enthal py of the warm water would be 47.62 Btu/lb. Y ouwould usethis
enthal py value in the equation above to calculate the energy in the water.

In another case, you have an absolute pressure reading of 200 psia. In this case, you will
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determinethe enthal py of the steam from the table as 1198.3 Btu/Ib of steam. Determining enthal py

for steam is a more common case than determining enthalpy for hot water.
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Table VI-2: Saturated Steam Table (Excer pt)

Abs. Temp- | Specific Volume V (ft¥Ib) | Enthalpy H Entropy S Internal Energy U
Peswe |eaue |~ |@un)  |ewbn  |@un
psia Water —| Evap. -|_Steam Water —I Evap. —| Steam Water -|—Evap. |_Steam Water —| Steam
0.0886 32.018 0.01602 33024 i 33024 0.00 i 1075.5 i 1075.5 0 * 2.1872 -‘ 2.1872 0 ‘ 1021.3
S S S 6415 ......... 6415 ......... i 10486 ......... 10963 ........... o 19446 ....... 20370 .......... o 10369 .........
P B e 26782 ....... 2680 ......... s 9703 ........... 11505 ........... e 14447 ....... 17568 .......... e 10776 .........
S o e S
Table VI-3: Superheated Steam Table (Excer pt)
Abs. Press. (psia) Property Temperature, EF
(sat. temp, EF) 100 | 200 300 400 50 | 600 | 700 i 800 900 1000
1 V (ft¥b) 0.0161 392 5 452 3 511 9 571 5 631 1 690.7 i
(101.74) H (Btu/lb) 680 11502 } 11057 : 10018 + 12886 13361 13845 _ P
s@wIer) || 01205 {20509 21152 21722 22237 22708 23144 | L L
15 V (ft¥/Ib) 0.0161 o 0166 29 899 33 963 37 985 41 986 45078 (49964 | 53M6 5792
(213.03) H (Btu/lb) 680 {16809 | 11925 | 12309 12873 | 13352 | 13838 14332 14834 | 15345
S@BtIEF) || 0.1205 02010 | 18134 1.8720 1.9242 19717 20155 20563 | 51300
200 V (ft¥/Ib) 0.0161 + 0.0166 } 0.0174 | 2.3508 L 27247 | 3.0583 33783 | 36915 43077
(381.80) H (Btu/lb) 6352 | 16851 | 26996 1210 1 1269 0 1322 6 1374 3 14255 | 15201
SEBWIKER) || 01204 02938 04369 | 15503 | 16242 16776 {17239 | 17663 | 18057 | 18426
2000 V (ft¥b) 0.0160 00165 00173 0.0184 o 0201 0.0233 02483 03072 03534 03642
(635.80) H (Btu/lb) 7326 {17260 27332 | 37719 | 48753 | 61448 | 12409 | ' 14741
s@Btulbcer) || 0.1283 02016 : 04337 05621 06834 08001 13704 | 14578 | 15138 | 15603




Section VI.E.: How do | calculate output data from supporting data?

Hereare two examples of how you would determine the enthal py of superheated steam (also
called “ supersaturated steam”) using asteam table. Y ouwill need to use the measured temperature
and absolute pressure of the steam. Note that there are a number of possible temperatures for a
particular pressure.

Inthefirst example, astream of superheated steam hasapressure of 15 psi and atemperature
of 400EF, as measured with pressure and temperature transmitters. Its enthalpy from the table, H,
is1239.9 Btu/lb.

In the second example, a stream of superheated steam at a pressure of 2000 psi and a
temperature of 800EC has an enthalpy of 1353.4 Btu/lb. Now you can multiply this value by the
mass flow of steam to determine the total energy in the steam.

Electric output

Many companies use watt-meters that measure electric power generation directly in MW.
In some cases, sources use current and potential transformersto monitor electric output. These will
measure current in amperes and potential in volts, rather than directly measuring electric power
generation in MW. One can calculate power from current and potential using the following
equation:

P=1x
Where,
P isthe power in megawatts, (MW)
| isthe current in amperes (A), and
V isthe potentia in volts (V).
One can then calculate the MW-hr generation by multiplying the MW value by the length of time

for which it is measured.
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Section VILLA.: What might my Sate require to ensure that individual sources monitor and report consistent and
accurate output data?

VII. Requirementsfor Sources. How should sourcesmonitor, record, and report output data
to support updating output-based allocations?

If you intend to write your own requirements for companies to monitor, record and report
output data, there are a number of issues for you to consider. They are discussed in this section.

Conventional power plants will measure, and will receive alocations based on, electric
output. These conventional power plantswill not need to measure any additional thermal energy for
the purposes of supporting datafor allocations, because the conventional power plants use thermal
energy to produce el ectricity, rather than for other useful purposes. Industrial or institutional boilers
and turbines that do not generate electricity will measure, and will receive allocations based on,
thermal output. These industrial or institutional boilers and turbines will not need to measure any
additional electric output for the purposes of supporting data for allocations.

Facilitiesthat produce both electricity and steam or hot water as useful outputs will need to
measure both thermal and electric output. Most of these are cogeneration facilities, also called
combined heat and power (CHP) facilities. Cogeneration facilitiestend to be more efficient because
they produce thermal output and electric output in sequence, from the same heat input. In order to
determine net output, facilities producing both kinds of output will need to account for parasitic and
house loads for both electricity and steam or hot water. Cogeneration facilities can be classified
either aselectric generating unitsor asnon-el ectric generating units, depending on the characteristics
of the unit and the associated generator.

A. What might my State require to ensure that individual sources monitor and report
consistent and accur ate output data?

You need to develop a procedure to ensure that output monitoring and reporting are
performed in aclear and consistent manner. For NOx emissions data, the monitoring and reporting
provisions under Part 75, Subpart H specify the requirements which ensure that the data collected
are consistent and accurate. Asmonitoring of output datais simply another type of monitoring, you
can apply to output monitoring, when appropriate, the existing processes under Part 75 designed to
ensure consistent and accurate monitoring. Thiswill promote both consistent and accurate dataand
amore cost-effective compliance process. Wherefeasible, you should incorporate output monitoring

into the existing framework of Part 75, Subpart H monitoring requirements that you are using to
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ensure that emissions are accurately monitored.

Below is alist of the mgor steps in emissions monitoring which are designed to ensure

consistent and accurate emissions monitoring. Later insectionV1I1.B, “How detailed or prescriptive

should output monitoring and reporting requirementsbein my Staterule?’ (pp. 144-150), we suggest

three different means of incorporating output monitoring into these existing processes.

Monitoring Plan Review Process. Each source must submit amonitoring planwhich
describes how emissions (and possibly output) will be monitored. Y ou will review
each monitoring plan. The primary function of the monitoring plan review process
isto alow you to ensure that each source is monitoring in a manner consistent with
other similar sources in the trading program.

Installation of Monitoring Equipment: Thisstep isnecessary if the company has not
aready installed monitoring equipment that can meet regulatory requirements.
Certification Test Protocol Process. Once a company has determined how it will
monitor and has a reviewed monitoring plan, it submits a test protocol for review.
Thetest protocol describeshow all monitoring systemswill becertified. Theprimary
function of the certification test protocol is to allow regulators to ensure that the
testing approach will meet therequirementsfor certification. For emission monitors,
certification requirements are set forth under Part 75.

Certification Applicationand Approval Process. Onceasource hasareviewed testing
protocol and performsthe required certification testing, the NOx authorized account
representative submits the results of the testing for approval. The primary function
of the certification application and review processisto allow you to ensure that each
source has passed the required certifications tests and has a monitoring system
capabl e of meeting theaccuracy requirementsin Part 75. Whilethere are exceptions,
collected data generally can beinvalidated retroactively until theinitial certification
application is approved.

Ongoing QA/QC Procedures. Once amonitor passestheinitial certification, it must
also continue to pass different quality assurance (QA) tests and the company must

perform quality control (QC) activities. The primary function of ongoing QA/QC
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rule?

proceduresisto ensurethat the monitoring systemsare not neglected so that accuracy
remains high over thelife of the system. Sources must report the results of QA/QC.

. Missing Data Substitution During Monitor Outage: For a certified emissions

monitoring system which does not pass a required QA test, data are considered
invalid or missing during the time period that lasts from the end of the failed test
until corrective maintenance has been performed and the required QA test has been
passed for a the monitoring system. A company must substitute emissions data
during the period of missing data. Additionaly, if an emissions monitoring system
malfunctions and fails to collect data due to a problem or needs maintenance while
aunit isoperating, the use of missing datasubstitution isrequired during this period.

Y ou may include al or only some of these requirementsin your output monitoring rule. In
the next section, we lay out three different options which use some or all of the procedures above
for output monitoring.

B. How detailed or prescriptive should output monitoring and reporting requirementsbein
my State rule?

Here are three options for how a regulator could approach establishing requirements for
monitoring, recording, and reporting output data. These three options differ in how detailed and
extensiverequirementsare. Each optionwill requireadifferent level of effort for regulatorsand for
companies and will result in adifferent level of quality assurance on the output data.

Option #1 The Detailed Monitoring Option.

Monitoring emissions includes the basic steps outlined above in the previous section,
namely, monitoring plan review, certification test protocol review, certification test results
approval, ongoing QA/QC procedures and reporting of results, hourly and summary output
data reporting, and missing data substitution for a monitoring system outage. Y ou could
choose to apply this approach to monitoring output. If you choose this option, you should
do the following:

. Specify what type of output must be monitored and by which sources (for example, net
electric output and net thermal output from electric generating units).

. Define the monitoring and reporting requirements in your State rule. This would include
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rule?

monitor location procedures, certification test protocol requirements, accuracy requirements
for initial certificationtests, ongoing QA/QC procedures, reporting procedures, missing data
substitution procedures, and procedures for failure to comply with the above requirements.
Require each affected source to submit a hardcopy output monitoring plan for State review.
See section VII.F., “What should a source be required to report in amonitoring plan?’ (pp.
153-155) for a description of what a monitoring plan would contain. Although Part 75
regquires companies to submit monitoring plans no later than 45 days before beginning a
certification test, we recommend that companies should submit monitoring plans at least a
year prior to the date which output monitoring is required. Experience gained in
implementing the Acid Rain Program and the OTC NOx Budget program indicate that few
initial monitoring plan submissions are 100% error-free. Thus, you should plan on having
to comment on and request resubmission of the monitoring plans. The monitoring plan
review process may require severa cycles of submission, review and comment and
resubmission before a facility’ s monitoring plan is acceptable. If a source has not aready
submitted a monitoring plan for emission monitoring equipment, it should incorporate the
portion of the monitoring plan on output monitoring equi pment into the monitoring plan for
emission monitoring equipment. If a source has already submitted a monitoring plan for
emissions monitoring, then the submission should be treated as an update to the hardcopy
portion of the monitoring plan.

Require each affected source to submit ahardcopy test protocol for Statereview. Ingeneral,
a test protocol would describe in detail the standards and procedures used to certify
equipment. SeesectionV11.G., “What Certification, Quality Assurance and Quality Control
procedures should be required for output monitoring?’ (pp. 155-161) for a description of
tests, standards or procedures which would be included in a test protocol. An output
monitoring equipment test protocol should be required to be included with the certification
test protocol for emission monitoring equipment at the source unless the emissions
monitoring test protocol has already been submitted. Some States require companiesto wait
for approval of their test protocols before proceeding with testing. However, thisis not a

requirement of Part 75. If you intend to do this, you must add such a requirement in your
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State rule.

. Require each affected source to submit an initial certification application for each output
monitoring system for your approval.

. Require each affected source to submit ongoing QA/QC test results for output monitoring
equipment to you. Y ou will need to devise amethodology for sourcesto report the QA/QC
test resultsfor output monitoring equipment outside the el ectronic format used for reporting
emissions data to EPA.

. Require each affected source to record and report output data. Under this option, a source
would record hourly data. If any data were missing or invalid, the source would perform
missing data substitution on an hourly basis. Asthe current electronic reporting format does
not fully support reporting output data, you would have to devise your own data reporting
procedure.

Some of the issues which ariseif you choose to follow this option are:

. Thisisaproven method of collecting good data and will provide ahigh level of confidence
that no source under-reports or over-reports output data.

. This methodology ensures that all sources are monitoring in a consistent manner so that all
output datais equivalent.

. This option contains built-in incentives to continually ensure that the output data collected
arevalid. The primary incentive is the substitution of unfavorable values when monitors

malfunction or fail routine QA tests.

. Reporting of hourly dataallowsyou ahigh level of detailed information for dataanalysisfor
errors.

. Theregulated community isaccustomed to this option under the Acid Rain Program and the
OTC NOx Budget Program.

. This option can have additional costs for you and for sources that are associated with

implementation and ongoing reporting of output data. In particular there are costsassociated
with new data collection and reporting requirements, monitoring plan development,
certification testing, and ongoing QA/QC.

. Y ou may have limited resources for reviewing ongoing QA/QC data. A resource intensive
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option might beaproblem giventhelimited resourcesavailable. In particular themonitoring
plan review process, certification application review process, and hourly data quality

assurance process are resource-intensive for an agency.

Option #2 The Smplified Option
The simplest regulatory option would be to only require reporting of output data with no

associated monitoring methodologies or quality assurance requirements. This option, which is

currently used in the Acid Rain Program to collect gross hourly output in MWh or kib steam, is

associated with alower level of effort on the part of regulatory agencies and provides the lowest

assurance of quality data of the three options. (Note that output data do not play amajor rolein the

Acid Rain Program, which does not allocate allowances based on output.) Under this option, you

would need to do the following:

. Specify what type of output must be monitored and by which sources (for example, net
electric output and net thermal output from electric generating units).

. Specify the requirements for reporting data to you. The output data should be calculated
from hourly data and reported in hourly, daily, weekly, or monthly format.

. The source does not need to file an output monitoring plan, testing protocol, certification
application, or QA/QC test results for output monitoring equipment.

Carefully review the following list of issues related to this option:

. This option has the lowest assurance of the three options that data reported are accurate.
. Thisisthe easiest option for any sources which already have output monitoring systems.
. Thisoption hasthelowest assurance of thethree optionsthat output monitoringisconsistent.

Thereislittle or no standardization of output monitoring under this option.
. This option does not address at all what a source should do if it does not have output data.
. There would be no means available to require sources which over-report output to correct

either their monitoring option or any data which are clearly erroneous, as no requirements

exist.
. Thisisthe ssimplest and least resource-intensive option.
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Option #3 The Intermediate Option

Inthisintermediate option, you would require consi stent monitoring and QA/QC throughthe

monitoring plan submission and review process. Y ou would reduce the oversight on certification
and ongoing QA/QC testing from Option #1 by simply requiring that a source document the QA/QC
plan for the output monitoring system in its monitoring plan. You could also allow the data
collection and reporting requirements to be somewhat less prescriptive than that for monitoring
emissions. Under this option, a source would simply submit an output monitoring plan which
describesthe monitoring methodol ogy used, theinitial and ongoing QA/QC test procedures, thedata
recording procedures, and any provisionswhich will be used for filling in missing data. Under this
option, you would specify the output monitoring system accuracy. The source would prepare a
document which describes an output monitoring option designed to meet the accuracy requirement
on asystem basis. You could require that this document be prepared by a qualified professional
engineer and could require that the NOx authorized account representative sign a statement
indicating he or she certifies that the system meets or exceeds the accuracy requirement. At a
minimum, the “output quality assurance plan” would meet the requirements under the monitoring
plan contents (seesection VI1.F., “What should asource berequired to report inamonitoring plan?’,
pp. 153-155) and would describe the QA/QC activities under section VI1.G., “What Certification,
Quality Assurance and Quality Control procedures should be required for output monitoring?’ (pp.
155-161).

Under this option, sources would submit the QA/QC plan for review and approval. You
would haveflexibility to require periodic QA/QC testing to ensure that the output systemisactually
monitoring output accurately.

Y our Staterulewould clearly definethe QA/QC plan approval requirements. It would further
indicate the steps your State would take if the output datawere suspected of being inaccurate. You

would have to do the following to implement this option:

. Specify what type of output must be monitored and by which sources.
. Specify the system accuracy of output monitoring systems.
. Require that sources submit a monitoring plan for your approval. The monitoring plan

includes the necessary data to provide assurance that the source is monitoring in an
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Section VII.B.: How detailed or prescriptive should output monitoring and reporting regquirements be in my Sate
rule?

acceptable fashion and is performing adequate QA/QC on the output monitoring system.

. Require each affected source to record output data and report the datato you in a specified
manner and format.

. Provide provisions in your rule which allow you to audit and require changes in output

monitoring if the system does not meet the accuracy requirement.

Some of the issues which ariseif you choose to follow Option #3 are:

. This approach could give reasonable assurance that data reported are accurate.
. Thisisan easy option for any sources that already have output monitoring systems.
. Y ouwould beableto audit and require asourceto follow the QA/QC planif you suspect that

asource is not reporting output correctly.

. Thisisasimpler option that the traditional Part 75 approach for emissions.

. It gives you some ability to ensure that the output monitoring generally is consistent and
acceptable. Because you will accomplish thisthrough case-by-case monitoring planreview,
not through regulations, the effort may be more difficult and more resource intensive than
under Option #1.

. Missing data substitution procedures are addressed by sources, although they would not
necessarily be consistent from one source to ancther.

. Thisoption providessourceswith much greater flexibility in designing asystem which meets
the accuracy requirement.

Other options exist for you to consider.

Choosing Between Options #1, #2, #3 and Other Options.

The fundamental reason we use Option #1 (the detailed approach) for pollutant emissions
isto ensure consistent and accurate pollution emissionsdata. Thelevel of agency oversightinusing
this approach is necessitated by the need to ensure environmental protection and to ensure that
emissions remain below the level of the “emissions cap”. This approach relies heavily on the
incentives provided through the use of missing datasubstitution proceduresand therequired QA/QC

provisions to ensure accurate data with any errors being conservative (that is, environmentally
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Section VII.C.: What output measurement equipment must affected facilities use?

protective) in nature. The missing data substitution procedures under Part 75 for emissions use a
progressive approach where the values are near or at the average emissions when a monitor has a
history of few outages, and the values are at the maximum potential emission when amonitor outage
lasts over an extended period.

Output monitoring is different than emissions monitoring in that, while some ancillary
environmental benefits may result from allocating through output, the “cap” on emissionsis fixed
and any error in output would not result in emission exceeding the“cap”. Becauseof thisdifference,
it may not be necessary to requirethe samelevel of agency oversight and required QA/QC for output
monitoring as that required under Option #1 (the detailed monitoring approach).

Another difference between emissions monitoring and output monitoring isthat each source
potentially hasaninterest in ensuring that other sourcesdo not overestimatetheir output. Thisisdue
to the fact that if one source in a State under afixed budget for allowance allocations overstatesits
output and therefore receives additional allowances, the additional allowances it receives comes at
the expense of other sourcesin the State.

C. What output measurement equipment must affected facilities use?

The equipment for monitoring electric output isalready in place, isin most cases monitored
consistently, and in most cases is sufficiently accurate; thus, this part of monitoring presents
relatively few problems for the State wishing to create a rule for monitoring output. Monitoring
thermal output presents more problems as the monitoring is not performed consistently, the
equipment has varying degrees of accuracy, and in some cases the equi pment necessary to monitor
output with asufficient degree of accuracy isnot currently installed. Additionally, sources may not
necessarily monitor output at alocation that corresponds to the location where you want to allocate
NOx allowances. Electric generating systems that are not fossil fuel-fired can measure electric
output as described in this section for electric generating units. See section VII.G., “What
Certification, Quality Assurance and Quality Control procedures should be required for output
monitoring?’ (pp. 155-161) for a discussion about monitoring technologies and their accuracy.

D. When must facilities start measuring output?
Sources would need to measure and record output-related information no later than May 1

of the year four years before the first year for which you plan to update all ocations based on output
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Section VII.G.: What records must affected facilities keep and report to support output-based all ocations?

data. For example, if you intend to update allowance allocations for the year 2006 using output,
sources would need to measure and record output data beginning no later than May 1, 2002. You
then would be able to calculate and alocate allowances in the year 2003, consistent with the NOx
Budget Trading Program procedure of allocating NOx allowances at |east three years ahead.

E. What recordsmust affected facilitieskeep and report to support output-based allocations?

The records a facility must keep and report depends on the monitoring option you choose
(Options #1, #2, or #3 from section V11.B. “How detailed or prescriptive should output monitoring
and reporting requirements be in my State rule?’, pp. 144-150), the monitoring approach (the
simplified approach or the boiler efficiency approach to monitoring thermal output fromsection V1.,
“Where could facilities monitor electric and thermal output?’, pp. 55-141), and the data collection
frequency you specify.

Monitoring Plan

See section VII.F., “What should a source be required to report in a monitoring plan?’ for
adescription of information to be reported in a monitoring plan (pp. 153-155).

Data Reported to the Sate

The first issue you should resolve is whether output data you receive should be raw hourly
data, or should be some summary data (daily, weekly monthly or ozone season totals) based on
hourly records. While other options exist, data that is based on hourly values recorded in a
datalogger or computer and kept as records is consistent with the current monitoring requirements
and is also consistent with the data used for sales of electric and steam. Because of these reasons,
we recommend that hourly data be either reported or kept asrecordsfor at least three yearsfrom the
date of the record’s creation.

Under Option #1 for monitoring and reporting (the detailed option) you would probably
require reporting of hourly dataand some summary values. Monthly or ozone season output values
will giveyou the datayou need for allocations. If you require datato be reported for each hour, you
may want to have companiesreport for calendar quarters so that you do not need to review datafrom
an entire ozone season at once. Under Options#2 and #3 (the ssmplified option and theintermediate
option), you would likely get 0zone season or monthly output data. 1nthiscase, it may be easier for

you to require asingle report at the end of the ozone season, unless companies already are sending
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you quarterly reports for other requirements. Under all options, we believe that you should require
that the data reported be calculated from hourly data. Thisis because reporting hourly datawill be
consi stent with sales data and because we believe that hourly data capturesthe variability of output
processes sufficiently to ensure accurate data. For example, thermal output dataare calculated from
measurements of steam or water flow rate, temperature, and pressure information, which vary over
the course of an hour.

We recommend that you require facilities that receive output-based allocations to keep
records of hourly data and totals for the ozone season for electric generation and thermal output.
Companies should keep this information for each location (unit or generator or facility) where the
output is measured. Y ou also could request the supporting data kept on site (or at the company’s
offices) . You also could decide if you want net output data, gross output data, or both.

Output information

For each electric generating unit, for each non-emitting electric generating system, or for each plant:

. Keep hourly records of the gross or net electric generation in MWh.

For each electric generation unit that cogenerates and for each non-electric generating unit that

produces steam:

. Keep hourly records of the net or gross thermal output, in mmBtu,,. (See section VI.E.,
“How do | calculate output data from supporting data?’, pp. 138-141, for how to calculate
thermal output.)

. Keep hourly recordsof the steam pressure, temperatureand cal cul ated enthal py, in mmBtu,,.
(Seesection VI.E, “How do | calcul ate output data from supporting data?’, pp. 138-141, for
how to calculate enthalpy.)

. Keep hourly records of the net or gross steam flow rate after steam has been diverted for

generating any electricity, in thousands of pounds of steam per hour (klb/hr).

. Keep hourly pressure (psi) and temperature (EF) readings for any location that is not under
saturated steam conditions.
. Keep hourly pressure (psi) readings for any location under saturated steam conditions.

These records may be kept on site or at a corporate office, provided that the company can provide

these records to inspectors during the day of an inspection or audit.
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Section VII.F.: What should a source be required to report in a monitoring plan?

Quality assurance and certification test data

If you choose Option #1 for monitoring output (the detailed option), you will needto require
both reporting and record keeping for QA/QC test results. The test results should include:
. Descriptions of the standard used to test the equipment, e.g., NIST traceable, ANSI C12.16,

|[EEE 57.13
. Actual values recorded or determined under each test.
. Tables or calculations if necessary to compute accuracy.
. Results of the test, pass or fail.
. Date and time of test.

F. What should a source berequired toreport in a monitoring plan?
Output Monitoring Plan

If you decide to require that sources submit an output monitoring plan, we suggest that the
description of the output monitoring system beincluded in the hardcopy monitoring plan submitted
for emission monitoring system approval.
Under Option #1

If you choose to use Option #1 for monitoring and reporting (the detailed option) or if you
chooseto use Option #3 for monitoring and reporting (theintermediate option) , you would probably
require sourcesto submit an output monitoring plan. The descriptionsshould include at aminimum
the following information.

. A diagram of the electrical or steam system for which output is being monitored.

. If you require monitoring of gross electric output, the diagram should contain all affected
units and al generators served by each affected unit and the relationship of units to
generators. If agenerator served by an affected unit isalso served by anon-affected unit, the
non-affected unit and its relationship to each generator should be indicated on the diagram
aswell. The diagram should indicate where the gross electric output is measured.

. If you require monitoring of gross thermal output, the diagram should include all input
energy streamsand output energy streams connected to each boiler. For acomplex situation,
this would be all streams to and from a group of boilers which serve a common steam

system. Thiswould include steam out, boiler feedwater return, and make-up water energy
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Section VII.F.: What should a source be required to report in a monitoring plan?

streams. The diagram should include estimated average flow rates in lb/hr so that a mass
balance of al streams may be performed which satisfies the law of conservation of mass
(e.g., thesum of al input streamsin Ib/hr = the sum of al exit streamsinlb/hr) Inaddition,
each steam will have an estimated temperature, pressure and phase indicator (L = liquid, S
= saturated steam, SS = superheated steam) and an enthal py estimatein Btu/Ib. Thediagram
will asoindicate al flow meters, temperature or pressure sensors, or other equipment used
to calculate gross thermal outpuit.

. If you require monitoring of net electric output, the diagram should contain all affected units
and all generators served by each affected unit and the relationship of units to generators.
If a generator served by an affected unit is aso served by a non-affected unit, the non-
affected unit and its relationship to each generator should be indicated on the diagram as
well. The diagram should indicate where the net electric output is measured and should
include all electrical inputs and outputs from to plant. If net electric output is determined
using abilling meter, the diagram should show the billing meters used to determine net sales
of electricity and should show that all electricity measured at the point of sale is generated
by affected units.

. If you require monitoring of net thermal output, the diagram should include all steam or hot
water coming into the net steam system, including steam from affected and non-affected
units, and all exit points of steam or hot water from the net steam system. In addition, each
input and output stream will have an estimated temperature, pressure and phaseindicator (L
=liquid, S = saturated steam, SS = superheated steam) and an enthalpy in Btu/lb. The net
steam system should identify all useful loads, house loads, parasitic |oads, any other steam
loads and all boiler feedwater return. The diagram will represent all energy losses in the
system as either usable or usable losses. The diagram will also indicate all flow meters,
temperature or pressure sensors or other equipment used to calculate gross thermal output.
If a sales agreement is used to determine net thermal output, the diagram should show the
monitoring equipment used to determine the sales of steam.

The monitoring plan should provide a description of each output monitoring system. The

description of the output monitoring system should include a written description of the output
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Section VII.G.: What Certification, Quality Assurance and Quality Control procedures should be required for
output monitoring?

system, the equations used to calculate output. For net thermal output systems descriptions and
justifications of each useful load should be included.

The monitoring plan should provide adescription and adataflow diagram of how datafrom
each component of the output system is collected and how the data is transferred to the data
acquisition and handling system for determining output. Thisisnot necessary for billing metersused
to determine output, if you intend to let a company report the information from its billing data
records. Inthat case, it may be more appropriate for the monitoring plan to show the flow of data
from the billing meter to the company’s system for collecting and recording data from the billing
meter.

Under Option #3

If you choose to use Option #3 for monitoring and reporting (the intermediate option), you
should al so require the NOx authorized account representative (NOx AAR) to submit thefollowing
additional information in the monitoring plan:

. A detailed description of all quality assurance quality control activities which will be
performed to maintain the output system. In the case where billing meters are used to
determine output, you do not need to require QA/QC activities beyond what the company
already performs. Also, current transformers and potential transformers do not require
QA/QC testing, and thus do not need alist of QA/QC procedures in their monitoring plan.

. A certification statement by aprofessional engineer stating that the output monitoring system
meets an accuracy of 10% of the reference value, or that each component monitor for output
meets an accuracy of 3% of the full scale value with the engineer's stamp and the
certification of the NOx AAR that thisis true.

G. What Certification, Quality Assurance and Quality Control procedures (QA/QC) should

berequired for output monitoring?

Initial certification of accuracy
If you choose to require initial certification of output monitoring systems, we suggest that

sources send an initial certification of the accuracy of their output measurement equipment to their

permitting authority no later than May 1, 2002. Thiswill give sources time to verify the accuracy

of their equipment before the recording of data (i.e., prior to the ozone season in 2002) that will be
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Section VII.G.: What Certification, Quality Assurance and Quality Control procedures should be required for
output monitoring?

used to devel op allowance allocationsfor the year 2006 under the Part 96 model rule. If you choose
to start allowance all ocations based upon output after the year 2006, sources would need to certify
the accuracy of their output measurement equipment no later than May 1 of theyear that isfour years
before the year for which you first allocate NOx allowances using output data.

Any output measurement equipment used as abilling meter in commercial transactionsdoes
not require certification or testing requirements. To qualify as a billing meter, the measurement
device must be used to measure electric or thermal output for commercial billing under a contract.
The facility where the measurement device is located must have different owners from the owners
of the party purchasing the electric or thermal output. The billing meter must record the hourly
electric or thermal output. Any electric or thermal output valuesthat the facility reports must bethe
same as the values used in billing for the output.

Test specifications

Y ou must decide whether to specify system accuracy requirements, or component accuracy
specifications for output monitoring systems, or both. (See below in this section under * System
accuracy determination”, p. 158, for a discussion of what we mean by an output monitoring
system.) A system accuracy of 10% of the reference value would be an acceptable accuracy criteria.
For a simple output monitoring system, such as a single electric meter on the terminals of a
generator, the component and system would be the same and the accuracy of the system would equal
the accuracy of the individual component (10% of reference value). However, for a net thermal
output system on anon-electric generating unit, the system might consist of two or more steam flow
sensors, several temperature sensors, and several pressure sensors. In this case, to achieve a 10%
accuracy for the system the individua components should have a more stringent accuracy
specification. A simple calculation used to estimate the error associated with multiple components

whose individual errors contribute to a system error is the following statistical equation.

[o]
— 2
Ewsem - ‘/ a Ecomponent

al components

Where

Ecomponent = Maximum error asociated with each component of a system
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Section VII.G.: What Certification, Quality Assurance and Quality Control procedures should be required for
output monitoring?

Es/sem = Maximum theoretical error of the system.

Using thisequation wefind that two componentswith error of 10% canlead to asystemerror
of 14.1% in aworst case scenario. Three components could have 17.3% error and so on. A system
with 11 components with 3% error each would have a maximum system error of 9.9% using the
aboveequation. Itislikely that many steam systemswill have at least 11 separate components such
as flow meters , temperature sensors. While other choices are possible, a 3% accuracy for each
component would be an acceptable accuracy for up to 11 individual components when a system
accuracy can not be readily determined.

Anyindividual component equi pment reading output must be capable of measuring towithin
3.0 percent of full scalefor that piece of equipment. Most of the existing technol ogiesfor measuring
output are capable of reading to thislevel of accuracy?.

System accuracy determination
A monitoring system is a collection of component pieces of equipment which are used

together to get a measurement in the units of measure that you require under a regulation. An

example of an emissions monitoring system is a system for measuring NOx emission rate in

[b/mmBtu, which includesaNOx pollutant concentration monitor, aCO, or O, diluent monitor, and

adataacquisition and handling system. An output monitoring system might consist of thefollowing

components:

. All wattmeters and a data logger that a company uses together to calculate the final net or
gross electric output data that you will use to calculate allocations.

. All flowmetersfor steam or condensate, temperature measurement devices, absol ute pressure
measurement devices, and differential pressure devicesfor measuring thermal energy and a
datalogger. Theseareall the measurement devicesthat acompany usestogether to cal culate
net or gross thermal output data that you will use to calculate allocations.

If you decide to adopt a system approach to accuracy based on a professional engineering

'See Chapter 6 of Flow Measurement Engineering Handbook, 3 Edition, by R.W.
Miller (McGraw Hill, 1996). Also, the Massachusetts Department of Environmental Protection
has pointed out that existing measurement technologies can meet an accuracy level of 3 percent.
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Section VII.G.: What Certification, Quality Assurance and Quality Control procedures should be required for
output monitoring?

analysisasdescribed aboveinsectionsV11.B “How detailed or prescriptive should output monitoring
and reporting requirements bein my State rule?’” and VII.F., “What should a source be required to
report in a monitoring plan?’ (pp. 148, 155, respectively), then the description should include a
determination of how the system accuracy of 10% is achieved using the individual componentsin
the system.
Test procedures and standards for individual components

Thefollowingtablelistsexisting consensus standardsthat i ncludeinstructionsfor calibration
or testing of individual equipment to measure steam flow or electricity. We suggest that sources
follow these consensus standards, where possible. However, thislist is not comprehensive. You
should also allow companiestheflexibility to petition to use another method of sufficient accuracy,
especialy if they aremethodsfrom standard- setting or professional organizations. Consensus-based
industry standards are acceptable from the following organizations:
C American Gas Association (AGA)
C American National Standards Institute (ANS])
C American Society of Mechanical Engineers (ASME)
C American Society for Testing and Materials (ASTM)
C Institute of Electrical and Electronics Engineers (IEEE) or
C Instrument Society of America (ISA)

TableVII-1. Consensus Standardsfor Assuring Accuracy
of Output Measurement Equipment

Equipment type Number or name of standard

Electric generation

Solid-state kilowatt meters ANSI C12.16 or ASME PTC 19.6

Rotating kilowatt meter ANSI C12.10, ANSI C12.13, ANSI C12.15, or
ASME PTC 19.6

Electromechanical kilowatt meter ANSI C12.10, ANSI C12.13, ANSI C12.15, or
ASME PTC 19.6

Current transformers IEEE/ANSI 57.13, ANSI C12.11 or ANSI C93.1
Potential transformers IEEE/ANSI 57.13, ANSI C12.11 or ANSI C93.1
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output monitoring?

[ Equipment type Number or name of standard

Steam

Pressure taps AGA Report 3, ASME PTC 19.2, or ASME
MFC-3M

Flow venturi ASME MFC-3M for initia installation

Orifice plate AGA Rpt. 3, ASME MFC-3M for initia
installation

Flow nozzle ASME MFC-3M for initia installation or ASME
PTC-6

\Vortex meters ASME MFC-6M

Turbine meters ASME MFC-4M; AGA Rpt. 7
Water (condensate)

Orifice plate AGA Rpt. 3or ASME MFC-3M for initial
installation

Coriolis meters ASME MFC-9M or ASME MEC-11M

Pressure

Pressure transmitters ASME PTC 19.2

Differential pressure transmitters ASME PTC 19.2

Temperature

Temperature transmitters ASME PTC 19.3

Thermocouples ASME PTC 19.3

Resistance Temperature Detectors ASME PTC 19.3

Some of these methods require that the equipment be tested outside of the plant or require
that the generating system or unit not operate during thetest. Obviously, thiscould beinconvenient
for sources. It isreasonable to consider other alternative procedures for checking the accuracy of
equipment that do not require removing equipment from the plant. Any alternative procedures

would need to provide you with reasonabl e confidence that the equipment are reading to within 3.0
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output monitoring?

percent of the actual output provided by areference reading.

In addition to the consensus standards for particular technol ogies, sources can check various
kinds of transmitters (e.g., temperature or pressure transmitters) against standards traceable to the
National Institute of Standards and Technology (NIST). Section 2.1.6.1 of Appendix D of 40 CFR
Part 75 gives procedures for testing transmitters using NIST traceable standards.

Frequency of testing
Certain types of equipment only require an initial certification of calibration and do not

require periodic recalibration unless the equipment are physically changed:

. potential transformers
. current transformers
. primary element of an orifice plate (However, the accompanying pressure and temperature

transmitters will require periodic retesting.)

Any output measurement equipment used as a billing meter in commercia transactions
should not need additional requirements for periodic quality assurance testing. A meter that is
sufficiently accurate for commercial transactions should also be sufficiently accurate for providing
datato support allocations.

For other types of equipment, we suggest that sources either recalibrate or reverify the meter
accuracy at least once every two years (i.e., every eight calendar quarters), unless a consensus
standard allows for less frequent calibrations or accuracy tests.

Consequences of failing a QA test

If testing a piece of output measurement equipment shows that the output readings are not
accurate to 3.0 percent or less of the full scale, then the source must retest the measurement
equipment and meet that requirement. The data should be consider invalid, prospectively, for
purposes of determining allocations. Data would remain invalid until the output measurement
equipment passed an accuracy test or were replaced with another piece of equipment that passesthe
accuracy test. The source would need to omit the invalid data and report either zero or an output
value that is likely to be lower than a measured value (see section VII.H., “How would a source
substitute missing data for output?’, p. 161)

How to correct a test failure
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Section VII.H.: How would a sour ce substitute missing data for output?

The source must retest the measurement equipment and demonstrate that it meets the
accuracy specification you set (e.g., accurate to 3.0 percent or less of full scale for acomponent or
accurate to 10.0 percent or less of the reference readings for an output monitoring system).
Alternatively, the source could replace the failing equipment with other equipment that meets this
accuracy specification.

Documentation

The source will need to keep the records described above in section VII.F., “What records
must affected facilities keep and report to support output-based allocations?” (pp. 153-155).

H. How would a sour ce substitute missing data for output?

If you choose to require missing data substitution procedures, we suggest it be of a very
simple and easy to implement nature. The easiest approach isto assume that a source has no output
during any missing data period. Other options include using the average of the values before and
after the outage as the substitute value or using a minimum value for estimating output.
|. What other monitoring requirements must facilities meet if they are not fossil fuel-fired?

All facilities receiving output-based allocations must measure, quality-assure, record, and
report information on output.

Sources that are not fossil fuel-fired

If you include sources emitting NOXx that are not fossil fuel-fired, then you will need to add
requirements for the owner or operator of those sources to monitor, record and report NOx mass
emissionsand source operating information (e.g., hoursof operation). A source emitting NOx would
have to account for its NOx emissionsif it is allocated NOx allowances. Companies can monitor
NOX, heat input, and output from these sources in the same way as for fossil fuel-fired units. The
discussionsin therest of section V1., “Requirementsfor Sources: How should companies monitor,
record, and report output data to support updating output-based allocations?’ (pp. 142-162) also
apply to non-fossil fuel-fired sources.

Facilities that do not emit NOx

If you chooseto allocate NOx allowancesto facilities or generating systemsthat do not emit

NOX, such as hydroelectric or nuclear power plants, they will need to measure, quality-assure,

record, and report information on electric output. The discussions in the rest of section VII.
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VII.I. What other monitoring reguirements must facilities meet if they are not fossil fuel-fired?

“Requirements for Sources. How should companies monitor, record, and report output data to
support updating output-based allocations?’ (pp. 142-162) also apply to non-emitting generating
systems. In addition, these sources would need to keep records of hours of operation during the
ozone season. (The discussion in section VII.F. “What records must affected facilities keep and
report to support output-based allocations?’, pp. 153-155, assumes that fossil fuel-fired units are
already monitoring their hours of operation, as required by 40 CFR Part 75.)
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Section VIIIL.A.: What are potential sources of output data?

VIII. Data Sources: Wheredo | get thedata for an output-based allocation?

A. What are potential sources of output data?

data:

There are three main sources of electric generation data and one source of thermal output

Electric generation data

<

<

Collect data directly from facilitiesin your state.

Get datafrom EPA. Quarterly emission reports under the Acid Rain Program contain gross
el ectric generation datafor many power plantsinthe Program, startingin 1995. Some power
plants choose to report steam flow to EPA instead of gross electric generation, so thisisnot
acomplete source of gross generation data. Furthermore, these data are not quality-assured
by the Agency. For more information on data available from the Acid Rain Program, you
can check the Acid Rain Program’s Web site (http://www.epa.gov/acidrain/edata.html) or
cal the Acid Rain Hotline at (202) 564-9620.

Get datafromthe Energy Information Administration (EIA). EIA collectselectricgeneration
for certain utility and non-utility generators. These data were previously collected on EIA
forms 759, 767, and 867% and will continue to be collected on EIA forms 759, 767, 860B
and 900. Form 759 providesnet el ectric generation for utility plants (not unitsor generators)
on a monthly basis for each year during the 1990s®. Form 767 provides net electric
generation for utility generators connected to boilers®* for each month during 1997 and
earlier. Form 767 information is not available for turbines or combined cycle systems.

Form 860B provides annual gross electric generation from non-utility generators® during

plants.

#Electric generation on form 867 for non-utility generatorsis confidential for specific
This form was discontinued in 1997 and was replaced by forms 860B and 900.

2|t each of the utility’ s plants has a total nameplate capacity of lessthan 50 MW, then the

utility only needs to report annually instead of monthly.

2 Utilities will report electric generation for plants with atotal nameplate capacity of 100

MW or more.

% These include qualifying facilities under the Public Utilities Regulatory Policies Act

and exempt wholesale generators under the Energy Policy Act. Plants with a nameplate capacity
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1998 and later. Form 900 provides monthly net (or gross) electric generation from non-
utility generators® during 1999 and later. For more information about the appropriate
contact people a EIA for these forms, you can check EIA’s Web site
(http://www.ela.doe.gov/contacts/main.html) or you can contact the National Energy
Information Center at infoctr@eia.doe.gov, Telephone: (202) 586-8800.

Thermal output data

< Collect data directly from facilitiesin your state.

B. What should | consider when choosing a sour ce of output data?

Hereare somefactorsyouwill want to consider when deciding from whereto get your output
data
Data for electric generating units or for non-electric generating units

If you intend to allocate allowances on the basis of output to non-electric generating unitsor
cogeneration units, it will be necessary for you to collect thermal output data directly from sources
in the short term.

Data for conventional power plants (not cogeneration facilities)

If your state has only electric generating units, and none of them are cogenerators, you will
only need electric generation data. Inthisinstance, it may be possible to use any of the three data
sources. Notethat EIA’selectric generation for non-utility generatorsistreated as confidential and
isnot available for years before 1998.

Sze of affected sourcesin your Sate

EPA’sdataare not and will not be available for electric generating units serving generators
of 25 MW or less. In addition, EPA’s gross generation data are not currently available for smple
combustion turbinesthat were built before November 15, 1990. Some datafrom EIA formsare not
availablefor plantswith atotal nameplate capacity lessthan 100 or 50 MW, or at least not available

on amonthly basis.

of 1 MW or greater must file this form.

% These include qualifying facilities under the Public Utilities Regulatory Policies Act
and exempt wholesale generators under the Energy Policy Act. Non-utility electricity generating
plants with a nameplate capacity of 50 MW or greater must file this form.
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Use of gross or net generation data

EPA’ scurrent generation dataare grossel ectric output datafor many, but not all, utility units
inthe Acid Rain Program. EIA’ sgeneration dataare net generation valuesfor utility generatorsand
are amixture of net and gross generation values for non-utility generators. 1f you collect your own
data, you can request either gross or net generation data.

Level of data for allocations—plant vs. generator vs. unit

EPA generation data are at the unit level. EIA form 767 provides generation data for each
generator. EIA forms759, 860B, and 900 provide generation dataonly for entire plants. Plant-level
datawould need to be apportioned to individual units at a plant to create allocations for each unit.
Timeinterval of data

Most of EIA’s generation data are monthly data, which you can sum for May through
September to obtain the total output for the ozone season.

If you choose to use existing gross el ectric output data?” for the Acid Rain Program, you will
have accessto hourly data. However, you will need to sum the hourly valuesto cal cul ate the ozone
season total electric output. We advise states to take this approach with caution because extracting
these data from the electronic data reporting (EDR) format could be costly and time consuming.

The steam load data that some sources report to EPA for the Acid Rain Program are hourly
data. However, because this information is steam flow in Ib/hr without temperature, pressure, or
enthal py data, it does not give you the information you need to determine thermal output.

Degree of quality assurance and consistency

Sources are not currently required to perform quality assurance testing on equipment used
to measure output. This is true, whether the data are reported to EPA, to EIA, or to you. Some
sources follow voluntary standards from the American National Standards Institute (ANSI) or the
Institute of Electrical and Electronics Engineers (IEEE). Therefore, some of the data are highly
accurate, but thisis not consistently true.

Y ou can request datain astandard format. EIA has standard formsthat sourcesarerequired

tosubmit. EPA hasastandard electric format for reporting grossMW data. However, sourceshave

%" Sources report these data in record type 300 of EPA’s electronic data reporting format.
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the option of reporting either gross unit load data (MWe) or gross steam flow rate datato EPA.

Although there is a standard format for reporting the data, the data themselves are not
necessarily being reported consistently. Thiscould beimproved by giving consistent interpretations
of reporting instructions and by providing more consistent quality assurance of the data.
Availability of data in electronic form

Datafrom EIA form 759 are available in electronic fileson EIA’sWeb site. Datafrom the
Acid Rain Program arereadily available on fileson the Acid Rain Program Web site. Y ou canalso
request other data files directly from EIA.
Time when data are available for the public

It generally takes EPA six months to review data sufficiently before making them publicly
available. EIA form 759 isusually ready within six months of the end of the year. Datafrom other
EIA forms may take longer to become publicly available. The quickest way to obtain data may be
to ask sources directly.
Use of your staff resources

A State collection of dataon paper can betime and resourceintensive. If you haverelatively
few sourcesin your state and if almost all of your sources are el ectric generating units, you may be

able to take advantage of electronically available datafrom the Federal government.
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I X. Rule Changes. What provisions of my State rule may need to be changed to account for
output-based NOx allowance allocations?

You may need to change the following provisions or sections of your rule to account for
output-based NOx allowance allocations:
< Definitions
< M easurements, abbreviations and acronyms
< Applicability
< NOx allowance allocations
< Monitoring
In Appendix A to this guidance document, you will find example language that you may usein your
Staterule. The examplelanguage isbased upon the language in the model rulefor the NOx Budget
Trading Program under the NOx SIP call at 40 CFR part 96.

You may need to make the following sorts of changes for each of these sections or
provisions:

Definitions(896.2) —Add definitionsfor output, € ectric output, thermal output, net output, and gross

output, as appropriate to your regulation. This will depend on the location you choose for
monitoring output and the sourcesyou chooseto giveall ocationsto using output (see section |11 “For
which kinds of facilities does this guidance help me devel op output-based allocations?’, pp. 44-45
aboveand sectionV, “Where shoul d sources determineoutput to beused for allocations?’, pp. 49-54
above). Your definitions will determine the monitoring approach to be used, which in turn
determines the formulas to be used for allocation. In addition, if you decide to issue allowances to
all generation sources, you will need languageto describe generating systemsthat arenon-fossil fuel-
fired or that are non-emitting generating systems. If youinclude sourcesthat arenot fossil fuel-fired,
you may want to revise the definition of aNOx Budget unit to include boilers, turbines, or combined
cycle systems that combust any fuel. See the example definitionsin Appendix A (pp. 171-172).

M easurements, abbreviations and acronyms (896.3)—Add abbreviationsfor the units of measurefor

output: MWh (megawatt-hour) and mmBtu,,, or mmBtu output (measured million British thermal
units of thermal output)

Applicability (896.4)-You will need to revise this section or provision if you decide to issue
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allowances to all generation sources, rather than just fossil-fuel sources. NOXx-emitting electric
generating systems, including fossil fuel-fired or non-fossil fuel-fired units, will need to meet the
requirements for NOx Budget units. These include the requirements to hold allowances covering
emissions and to monitor and report NOx emissions and output data. Any NOXx-emitting sources
that are not fossi| fuel-fired will need to meet the same requirements asfossil fuel-fired units. Non-
emitting generating systems will need to meet the requirements for owners of ageneral allowance
account and requirements for monitoring and reporting output data. 1f you handle applicability
through your definitions, review your definitions to seeif they still are appropriate.

NOx allowance alocations (896.42)—Y ou will be making most of your rulerevisionsin this section.

You may need different calculation formulas and procedures for adjusting the amounts of the
allowanceallocationsso that thetotal amount equal sthe appropriate portion of your trading program
budget. Also, you will need to address whether to update allocations for your facilities and, if so,
how often to update allocationsfor your facilities. Formulasfor calculating thermal output must be
consistent with the monitoring approach you define.

Monitoring (8896.70 through 96.76)-See section VI, “Requirements for Sources: How should

sources monitor, record, and report output data to support updating output-based allocations?” (pp.
142-162). Y ou will need to define the monitor installation, quality assurance, recordkeeping, and
reporting requirementsfor all sourcesreceiving output-based all ocations. Depending onwhether you
plan to allocate based on output to electric generating units only or to both electric generating units
or non-electric generating units, this section of your rule will need to specify which kinds of units
must measure, record, and report output data.

If you chooseto include al generation sourcesinstead of fossil-fuel fired sourcesonly, then
you will need to add requirements for the owner or operator of a non-fossil fuel-fired source to
monitor, record and report emissions and source operating information. See section VI1.1. of this
document, “What other monitoring requirements must facilities meet if they are not fossil fuel-
fired?’ (pp. 161-162).
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X. How do I learn more about this guidance?
A.Whodol contact if | have questions about this guidance?

If you have questions about this guidance, contact Margaret Sheppard at EPA’s Clean Air
Markets Division? (Telephone: 202-564-9163; email: sheppard.margaret@epa.gov). If you have
specific questionsor suggestionsrel ated to output monitoring and reporting, contact either Margaret
Sheppard or George Croll (Telephone: 202-564-0162; email: croll.george@epa.gov) at EPA’sClean
Air Markets Division.

B. How do | find out more about the NOx SIP Call and the NOx Budget Trading Program?

EPA’sinformation about the NOx SIP call isavailable on the Regional Transport of Ozone
Web site (http://www.epa.gov/ttn/rto/sip/index.html). This site includes a number of resources,
including Federal Register notices, fact sheets, supporting technical work, emissioninventories, and
responses to frequently-asked questions. The Federal Register notice with the final NOx SIP call
isentitled “FR version of the 110 NOx SIP call -- Parts 1-4 (zipped)” and dated October 30, 1998.

If you have specific questions about the NOx SIP call, you may contact Kimber Scavo of
EPA’s Office of Air Quality, Planning and Standards (Telephone: 919-541-3354; email:
scavo.kimber@epa.gov). If you have specific questions concerning the NOx Budget Trading
Program, contact Sarah Dunham of the Clean Air Markets Division (Telephone: 202-564-9087;
email: dunham.sarah@epa.gov).

C. How did EPA create this guidance?

In the final NOx SIP call, we committed to work together with stakeholders to design an
output allocation system that could be used by States as part of their trading program rulesin their
SIPs. We said that we would develop a proposed system for output-based allocationsin 1999 and
finalize an output-based option in 2000. Today’s guidance develops the final system for output-
based allocations that we committed to in the NOx SIP call.

EPA formed the Updating Output Emission Limitation Workgroup as a stakeholder
workgroup to advise us in addressing issues to be covered in guidance to States. The Updating

Output Emission Limitation Workgroup is a workgroup of the Clean Air, Energy and Climate

“Formerly the Acid Rain Division.
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Change Subcommittee of the Clean Air Act Advisory Committee. Workgroup members include
representatives of the electric power industry, district energy groups, industrial boiler owners, the
natural gas supply industry, environmental groups, State environmental agencies, labor unions, and
other organizations. From December 1998 through December 1999, we held a series of meetings
and conference calls.

You can find information on the work of the Updating Output Emission Limitation
Workgroup on the workgroup’ s Web site (http://www.epa.gov/acidrain/noxsi p/workgrp.htm). On
the site, you will find alist of workgroup members and their affiliations, lists of questions that we
posed to the workgroup, responses by workgroup members, issue papers, the first draft of this

guidance document, and meeting minutes. Some of these documentsarereferred toin the guidance.
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Appendix A: Sample rule language to account for output-based allocations
Note that throughout these examples, some phrasesareinitalics. Theseindicate possible decisions
that you will need to make. For example, the definitions of “non-emitting generating system” and
“unit” below will apply only if you intend to allocate to all sources of electric generation instead of
to fossil fuel-fired units.
Definitions

“Electric output” means the electric generation (in MWh/time) from an electric generating
device. With respect to aunit, “electric output” means the electric generation (in MWh/time) from
an electric generating device served by the unit and that is attributed to the unit.

“Grossoutput” meansthetotal output of energy fromaprocess beforemaking any deductions
for energy output used in any way related to the production of energy through that process.

“Net output” means the final output of energy from a process after deducting any energy
output consumed in any way related to generating energy through that process. Examples of output
to be deducted include thermal output lost through radiation to the outside, thermal output used in
thermal recovery, or thermal or electric output used within the plant to operate the unit, generator,
fuel handling system, pumps, fans, or pollution control equipment®. Output used to produceauseful
material product besides the thermal output or electric output, such as thermal energy used to dry

paper, does not need to be deducted.

{includethisdefinition, if youintendto allocate NOx allowancesto all electricity generating
systems}* Non-emitting generating system” means the portion of afacility for generating electricity
that usesan energy sourcenot involving combustion of fuel or NOx emissions, such ashydroelectric,
nuclear, geothermal, or wind power, and that uses an electric generator with a nameplate capacity
greater than 25 MWe.

“NOx Budget unit” means a unit that is subject to the NOx Budget Trading Program

emissions limitation under § 96.4 or § 96.80.

2 |f you intend to include the power used to operate pollution control equipment as part
of the electric output used to calculate allocations, remove “ pollution control equipment” from
this part of the definition.
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“Thermal output” means the thermal energy (in mmBtu,,/time) that is produced through a
process and isused for industrial, commercial, heating, or cooling purposes after the subtraction of
heat for boiler feed, feedwater preheating, or combustion air preheating.*

“Unit” means a stationary boiler, combustion turbine, or combined cycle system that is
fossil fuel-fired.*

Measurements, abbreviations, and acronyms
MWh-megawatt-hours of electric output

mmBtu,,—measured million British thermal units of thermal output

% Note that this definition only applies when you measure thermal output using the boiler
efficiency approach, as described in section V1. of this document (pp. 68-69, 84-91, and 124-
137). If you choose to use the simplified approach for monitoring thermal output, then the
definition of thermal output should read as follows:

“Thermal output” means the thermal energy (in mmBtu,,/time) that is produced

through a process and is used for industrial, commercial, heating, or cooling

purposes after the subtraction of heat for boiler feed or combustion air preheating.

3 1f you intend to allocate NOx allowancesto all electricity generating systems, revise the
definition of unit asfollows:

“Unit” means a stationary boiler, combustion turbine, or combined cycle system

that combusts fuel.
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Subpart E - NOx Allowance Allocations
Note that throughout these examples, some phrasesareinitalics. Theseindicate possible decisions
that you will need to make. For example, if you want to use net generation, substitute in the phrase

“net” in each place where the example language states “{specify net or gross}.”

The example language in Cases 1 and 3 alows for the situation where a State has already prepared
initial allocationsfor 2003 through 2005 based on heat input and intends to update allocations based
on output starting with the year 2006. Cases 2 and 4 consider the situation where a State has
preparedinitial alocationsfor 2003 through 2005 based on output and intends to update all ocations
based on output starting with the year 2006. In all cases, alocations are adjusted to fit sector
budgets, rather than the entire trading program budget. Also, there is a 5% set-aside for new units

in all cases.

Thedatesin all cases are based upon the timing in part 96, the model trading rule for the NOx SIP
call. Thetiminginyour rulewill depend on when you adopt afinal rule as part of your SIP and on

the deadline for sources to comply with emission reductions

Casel
(2) Youinitially alocate to both EGUs and non-EGUs for 2003 through 2005 based on heat
input
(2) You update allocations to EGUs based on output and to non-EGUs based on heat input
beginning in 2006

§96.42 NOx allowance allocations.

(a) Basisfor allocation. The permitting authority will calculate NOx allowance allocations
for each NOx Budget unit under 8 96.4 [or non-emitting generating system] as follows:

(1) For aNOx alowance alocation for 2003 through 2005 under §96.41(a):

() The permitting authority will usethe average of the two highest amounts of the unit’ sheat
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input (in mmBtu) for the control periodsin 1995, 1996, and 1997 if the unit isunder 896.4(a)(1), or
the unit’s heat input for the control period in 1995 if the unit is under 896.4(a)(2); or

(it) For aunit under 896.4(a)(1) that commences operation on or after May 1, 1997, or for
aunit under 896.4(a)(2) that commences operation on or after May 1, 1995, the permitting authority
will use the unit’s heat input in accordance with paragraph (d) of this section.

(2) For aNOx alowance allocation for any year after 2005 under §96.41(b):

(1) The permitting authority will usethe{specify net or gross} e ectric and thermal output for
the unit under 896.4(a)(1) [or the non-emitting generating system| , and heat input for the unit under
896.4(a)(2) for the control period in the year that is four years before the year for which the NOx
allocation is being calculated; or

(i) For aunit [ or non-emitting generating system] that commencesoperationon or after May
1 of the year that is four years before the year for which the permitting authority allocates, the
permitting authority will determine allocations in accordance with paragraph (d) of this section.

(3) The permitting authority will determine the unit’s heat input:

(i) In accordance with 40 CFR part 75; or

(ii) Based on the best available data reported to the permitting authority for the unit, if the
unit was not otherwise subject to the requirements of 40 CFR part 75 for the control period.

(4) The permitting authority will determine the {specify gross or net} thermal and electric
output for theunit [or non-emitting gener ating system| using {insert source of data—e.g., net electric
generation data from the Energy Information Administration, gross electric generation data in
accordance with subpart H of 40 CFR part 75, or the best available data reported to the permitting
authority for the unit or non-emitting generating system.}

(b) Allocation to units under 896.4(a)(1)[ and non-emitting generating systems| . For each
control period in 2003 through 2005, the permitting authority will allocate NOx allowances to all
NOx Budget units under 896.4(a)(1) in[the State] {substitute name of your State} that commenced
operation before May 1, 1997 in accordance with paragraphs (b)(1) through (b)(3) of this section.
For each control period after 2005, the permitting authority will allocate NOx allowancesto all NOx
Budget unitsunder 896.4(a)(1) [ or non-emitting generating systems] in [the State] { substitute name
of your Sate} that commenced operation before May 1 of the period used to cal culate heat input or
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electric and thermal output under paragraph (a) of this section, in accordance with paragraphs (b)(4)
through (b)(6) of this section.

(2) For 2003 through 2005, the permitting authority will allocate NOx allowancesto al NOx
Budget units under §96.4(a)(1) in [the State] {substitute name of your State} that commenced
operation before May 1, 1997.

(2) For 2003 through 2005, the permitting authority will allocate NOx allowances to each
NOx Budget unit under 896.4(a)(1) in an amount equaling 0.15 Ib/mmBtu multiplied by the unit’s
heat input under paragraph (a) of this section, divided by 2,000 Ib/ton. Each allocation will be
rounded to the nearest whole number of NOx allowances, as appropriate.

(3) The permitting authority will adjust theinitial allocations under paragraph (b)(2) of this
section so that the total number of NOx allowances allocated for 2003, 2004, or 2005 equals 95
percent of the number of tons of NOx emissionsin the State trading program budget apportioned to
units under 896.4(a)(1), if these numbers are not already equal. This adjustment will be made by:
multiplying each unit’s allocation for 2003, 2004, or 2005 by 95 percent of the number of tons of
NOx emissionsin the State trading program budget apportioned to unitsunder §896.4(a)(1), dividing
by the total number of NOx allowances allocated for the year under paragraph (b)(2) of this section,
and rounding to the nearest whole number of NOx allowances, as appropriate.

(4) For each control period after 2005, the permitting authority will allocate NOx allowances
toall NOx Budget unitsunder 896.4(a)(1) [and to all non-emitting gener ating systems] in[the State]
{substitute name of your State} that commenced operation before May 1 of the period used to
calculate {specify net or gross} electric and thermal output under paragraph (a)(2) of this section.

(5) For each control period after 2005, the permitting authority will allocate NOx allowances
to each unit under 896.4(a)(1) [ and to each non-emitting generating system| in an amount equaling:
1.5 Ib/MWh multiplied by the {specify net or gross} electric output under paragraph (a) of this
section and divided by 2,000 Ib/ton, plus 0.24 Ib/mmBtu,,,* multiplied by the{specify net or gross}

#Use the value of 0.24 Ib/mmBtu output if you assume atypical boiler efficiency of 70%
and if you require sources to use the boiler efficiency approach for measuring thermal output, as
described in section V1. of this document (pp. 68-69, 84-91, and 124-137). If you decide to use
the simplified approach for monitoring output and a typical boiler efficiency of 70%, then this
number should be 0.22 Ib/mmBtu. If you want to assume a different typical boiler efficiency, see
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thermal output under paragraph (a) of this section and divided by 2,000 Ib/ton. Each alocation will
be rounded to the nearest whole number of NOx allowances, as appropriate.

(6) The permitting authority will adjust theinitial alocations under paragraph (b)(5) of this
section so that the total number of NOx allowances allocated for each control period after 2005
eguals 98 percent of the number of tons of NOx emissions in the State trading program budget
apportioned to unitsunder 896.4(a)(1), if these numbersare not already equal. Thisadjustment will
be made by: multiplying each unit’s allocation for a control period after 2005 by 98 percent of the
number of tons of NOx emissions in the State trading program budget apportioned to units under
896.4(a)(1) divided by the total number of NOx allowances alocated under paragraph (b)(5) of this
section, and rounding to the nearest whole number of NOx allowances, as appropriate.

(c) Allocation to units under 896.4(a)(2). For each control period under 8§ 96.41, the
permitting authority will allocate NOx allowancesto all unitsunder 896.4(a)(2) in[the State] {insert
name of Sate} that commenced operation before May 1 of the period used to calculate heat input
under paragraph (a) of this section. The permitting authority will allocate NOx allowances in
accordance with the following procedures:

(1) The permitting authority will allocate NOx allowances to each NOx Budget unit under
896.4(a)(2) inan amount equaling 0.17 Ib/mmBtu multiplied by the heat input under paragraph (a)
of thissection, divided by 2,000 Ib/ton. Eachallocationwill berounded to the nearest whole number
of NOx allowances, as appropriate

(2) The permitting authority will adjust the unadjusted all ocations under paragraph (c)(1) of
this section so that the total number of NOx allowances allocated equals 95 percent in 2003, 2004,
and 2005, or 98 percent thereafter, of the number of tons of NOx emissions in the State trading
program budget apportioned to unitsunder 896.4(a)(2), if these numbersarenot already equal. This
adjustment will be made by: multiplying each unit’ sfor acontrol period by 95 percent in 2003, 2004,
or 2005, or by 98 percent thereafter, of the number of tons of NOx emissions in the State trading
program budget apportioned to units under 896.4(a)(2), dividing by the total number of NOx
allowances alocated under paragraph (c)(1) of this section, and rounding to the nearest whole

section I1.A. to calculate your own allocation factor (pp. 23-31).
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number of NOXx allowances, as appropriate.

(d) For each control period under 8§ 96.41, the permitting authority will allocate NOx
allowances to NOx Budget units under § 96.4 [or non-emitting generating systems] in [the State]
{insert name of your Sate} that commenced operation, or are projected to commence operation, on
or after May 1 of the period used to calculate heat input or electric and thermal output under
paragraph (a) of this section, in accordance with the following procedures:

(1) The permitting authority will establish one allocation set-aside for each control period.
Each allocation set-aside will be allocated NOx allowances equal to 5 percent in 2003, 2004, and
2005, or 2 percent thereafter, of the tons of NOx emissions in the State trading program budget,
rounded to the nearest whole number of NOx allowances, as appropriate.

(2) The NOx authorized account representative of aunit under paragraph (d) of this section
may submit to the permitting authority arequest, inwriting or in aformat specified by the permitting
authority, to be allocated NOx allowances for no more than five consecutive control periods under
§ 96.41, starting with the control period during which the unit commenced, or is projected to
commence, operation and ending with the control period preceding the control period for which it
will receive an allocation under paragraph (b) or (c) of this section. {If including non-emitting
generating systems, include the following sentence: The NOx authorized account representative of
a non-emitting generating systemunder paragraph (d) of this section may submit to the permitting
authority a request, in writing or in a format specified by the permitting authority, to be allocated
NOx allowances for no more than five consecutive control periods under § 96.41, starting with the
later of the control period in 2006 or the control period during which the non-emitting generating
system commenced, or is projected to commence, operation and ending with the control period
preceding the control period for which it will receive an allocation under paragraph (b) or (c) of
this section. The NOx allowance allocation request must be submitted prior to May 1 of the first
control period for which the NOx allowance alocation is requested and after the date on which the
permitting authority issues a permit to construct the unit [or non-emitting generating system) .

(3) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representativefor aunit under 896.4(a)(1) [ or anon-emitting generating system|

may request NOx allowances for a control period in the following amount:
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(i) For acontrol period in 2003, 2004, or 2005, the requested number of NOx allowances
must not exceed 0.15 Ib/mmBtu, multiplied by the unit’ smaximum design heat input (in mmBtu/hr),
multiplied by the number of hours remaining in the control period starting with the first day in the
control period on which the unit operated or is projected to operate, and divided by 2,000 Ib/ton.

(i) For acontrol period in 2006 or thereafter, the requested number of NOx allowances must
not exceed 1.5 Ib/MWh multiplied by the nameplate capacity (in MW) of the unit [or non-emitting
generating system] , multiplied by the number of hoursremaining in the control period starting with
thefirst day in the control period on which the unit operated or is projected to operate, and divided
by 2,000 Ib/ton.

(4) InaNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representative for a unit under 896.4(a)(2) may request NOx allowances for a
control period. The requested number of NOx alowances must not exceed 0.17 Ib/mmBtu
multiplied by the unit’s maximum design heat input (in mmBtu/hr), multiplied by the number of
hours remaining in the control period starting with the first day in the control period on which the
unit operated or is projected to operate, and divided by 2,000 Ib/ton.

(5) Thepermitting authority will review, and all ocate NOx all owances pursuant to, each NOx
allowance allocation request under paragraph (d)(2) of this section in the order that the request is
received by the permitting authority.

(1) Upon receipt of the NOx allowance all ocation request, the permitting authority will make
any necessary adjustmentsto the request to ensurethat, for aunit under 896.4(a)(1) [ or non-emitting
generating system], the control period and the number of allowances specified are consistent with
the requirements of paragraphs (d)(2) and (3) of this section and, for a unit under 896.4(a)(2), the
control period and the number of allowances specified are consistent with the requirements of
paragraphs (d)(2) and (4) of this section.

(i1) If the allocation set-aside for the control period for which NOx allowances are requested
has an amount of NOx allowances not |ess than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will alocate the amount of the NOx allowances
requested (as adjusted under paragraph (d)(5)(i) of this section) to the unit [or non-emitting

generating system].
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(iii) If the allocation set-aside for the control period for which NOx allowances are requested
has a smaller amount of NOx allowances than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will deny in part the request and allocate only the
remaining number of NOx allowances in the allocation set-aside to the unit [or non-emitting
generating system] .

(iv) Once an alocation set-aside for a control period has been depleted of all NOx
allowances, the permitting authority will deny, and will not allocate any NOx allowances pursuant
to, any NOx allowance allocation request under which NOx allowances have not already been
allocated for the control period.

(6) Within 60 daysof receipt of aNOx allowance allocation request, the permitting authority
will take appropriate action under paragraph (d)(5) of this section and notify the NOx authorized
account representative that submitted the request and the Administrator of the number of NOx
allowances (if any) alocated for the control period to the unit [ or non-emitting generating system) .

(e) For aunit [ or non-emitting generating system| allocated NOx allowancesunder paragraph
(d) of this section for a control period, the Administrator will deduct NOx allowances under 8§
96.54(b) or (e) to account for the actual utilization or output of the unit [ or non-emitting generating
system] during the control period. The Administrator will cal culate the number of NOx allowances
to be deducted to account for the unit’ sactual utilization or output using the following formulas and
rounding to the nearest whole number of NOx allowances as appropriate, provided that the number
of NOx allowances to be deducted shall be zero if the number calculated is |ess than zero:

NOx allowances deducted for actual utilization for a unit under 896.4(a)(1) for a control period in
2003, 2004, or 2005 = (NOx allowances allocated for control period) - ( Actual control period heat
input x 0.15 Ib/mmBtu +2,000 Ib/ton);

NOx allowances deducted for actual output for a unit under 896.4(a)(1) [or a non-emitting
generating system] for acontrol period in 2006 or thereafter = (Unit’ sNOx allowancesall ocated for
control period) - ( Unit’s actual control period {specify net or gross} electric output x 1.5 Ib/MWh
+2,000 Ib/ton and actual control period {specify net or gross} thermal output x0.24 Ib/mmBtu,

3 Same as footnote 32.
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+2,000 Ib/ton); and

NOx alowances deducted for actual utilization for a unit under 896.4(a)(2)= (NOx allowances
alocated for control period) - (Actua control period heat input x 0.17 Ib/mmBtu +2,000 |b/ton)
where:

“NOx allowances allocated for control period” isthe number of NOx allowances all ocated
to the unit [or the non-emitting generating system] for the control period; and

“Actual control period heat input” isthe heat input (in mmBtu) of the unit during the control
period; and

“Actual control period {specify net or gross} electric output” is the {specify net or gross}
electric output in MWh of the unit [or non-emitting generating system] during the control period;
and

“Actual control period {specify net or gross} thermal output” is the {specify net or gross}
thermal output in mmBtu,,, of the unit during the control period.

(f) After making the deductions for compliance under § 96.54(b) or (€) for acontrol period,
the Administrator will notify the permitting authority whether any NOx alowances remain in the
allocation set-aside for the control period. The permitting authority will allocate any such NOx
allowancesto the unitsunder 896.4 [ and the non-emitting generating systems] in[the State] {insert
name of your State} using the following formulaand rounding to the nearest whole number of NOx
allowances as appropriate:

Unit’s[or non-emitting generating system's] share of NOx allowances remaining in allocation set-
aside=Total NOx alowancesremainingin allocation set-aside x (NOx allowanceallocation + State
trading program budget excluding allocation set-aside)

where:

“Total NOx allowances remaining in allocation set-aside” is the total number of NOx allowances
remaining in the allocation set-aside for the control period;

“ NOx alowance allocation” isthe number of NOx allowances all ocated under paragraph (b) or (c)
of this section to the unit [or non-emitting generating system] for the control period to which the
allocation set-aside applies; and

“ State trading program budget excluding allocation set-aside” is the State trading program budget
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for the control period to which the allocation set-aside applies multiplied by 95 percent if the control

period isin 2003, 2004, or 2005 or 98 percent if the control period isin any year thereafter, rounded
to the nearest whole number of NOx allowances as appropriate.
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Case?2
(1) Youinitially alocate to both EGUs and non-EGUsfor 2003 through 2005 based on heat
input
(2) Y ou update with allocations to both EGUs and non-EGUs based on output beginning in
2006

§96.42 NOx allowance allocations.

(a) Basisfor allocation. The permitting authority will calculate NOx allowance allocations
for each NOx Budget unit under 8 96.4 [or non-emitting generating system] as follows:

(1) For aNOx alowance alocation for 2003 through 2005 under §96.41(a):

(1) The permitting authority will usethe average of the two highest amounts of the unit’ sheat
input (in mmBtu) for the control periodsin 1995, 1996, and 1997 if the unit isunder §96.4(a)(1), or
the unit’s heat input for the control period in 1995 if the unit is under 896.4(a)(2); or

(i) For aunit under 896.4(a)(1) that commences operation on or after May 1, 1997, or for
aunit under 896.4(a)(2) that commences operation on or after May 1, 1995, the permitting authority
will use the unit’s heat input in accordance with paragraph (d) of this section.

(2) For aNOx alowance alocation for any year after 2005 under 896.41(b):

(i) The permitting authority will usethe{specify net or gross} electric and thermal output for
the unit [or the non-emitting generating system] for the control period in the year that isfour years
before the year for which the NOx allocation is being calculated; or

(i) For aunit [ or non-emitting generating system] that commencesoperationon or after May
1 of the year that is four years before the year for which the permitting authority allocates, the
permitting authority will determine allocations in accordance with paragraph (d) of this section.

(3) The permitting authority will determine the unit’s heat input:

(i) In accordance with 40 CFR part 75; or

(ii) Based on the best available data reported to the permitting authority for the unit, if the
unit was not otherwise subject to the requirements of 40 CFR part 75 for the control period.

(4) The permitting authority will determine the {specify gross or net} thermal and electric

output for the unit [or the non-emitting generating system| using {insert source of data—e.g., net
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el ectric generation data fromthe Ener gy I nfor mation Administration, grosselectric generation data
in accordance with subpart H of 40 CFR part 75, or the best available data reported to the
permitting authority for the unit [or the non-emitting generating system| .}

(b) Allocation to units under §96.4(a)(1)[ and non-emitting generating systems] . For each
control period in 2003 through 2005, the permitting authority will allocate NOx allowances to all
units under 896.4(a)(1) in [the State] {substitute name of your State} that commenced operation
before May 1, 1997 in accordance with paragraphs (b)(1) through (b)(3) of this section. For each
control period after 2005, the permitting authority will allocate NOx allowancesto all NOx Budget
unitsunder 896.4(a)(1) [ or non-emitting generating systems| in[the State] { substitute name of your
Sate} that commenced operation before May 1 of the period used to calcul ate heat input or electric
and thermal output under paragraph (a) of thissection, in accordance with paragraphs (b)(4) through
(b)(6) of this section.

(2) For 2003 through 2005, the permitting authority will allocate NOx allowancesto al NOx
Budget units under 896.4(a)(1) in [the State] {substitute name of your State} that commenced
operation before May 1, 1997.

(2) For 2003 through 2005, the permitting authority will allocate NOx allowances to each
NOx Budget unit under 896.4(a)(1) in an amount equaling 0.15 Ib/mmBtu multiplied by the unit’s
heat input under paragraph (a) of this section, divided by 2,000 Ib/ton. Each allocation will be
rounded to the nearest whole number of NOx allowances, as appropriate.

(3) The permitting authority will adjust theinitial allocations under paragraph (b)(2) of this
section so that the total number of NOx allowances allocated for 2003, 2004, or 2005 equals 95
percent of the number of tons of NOx emissionsin the State trading program budget apportioned to
units under 896.4(a)(1), if these numbers are not already equal. This adjustment will be made by:
multiplying each unit’s allocation for 2003, 2004, or 2005 by 95 percent of the number of tons of
NOx emissionsin the State trading program budget apportioned to unitsunder §896.4(a)(1), dividing
by the total number of NOx allowances allocated for the year under paragraph (b)(2) of this section,
and rounding to the nearest whole number of NOx allowances, as appropriate.

(4) For each control period after 2005, the permitting authority will allocate NOx allowances
toall NOx Budget unitsunder 896.4(a)(1) [and to all non-emitting gener ating systems] in[the State]
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{substitute name of your State} that commenced operation before May 1 of the period used to
calculate {specify net or gross} electric and thermal output under paragraph (a)(2) of this section.

(5) For each control period after 2005, the permitting authority will allocate NOx allowances
to each unit under §96.4(a)(1) [ and to each non-emitting generating system] in an amount equaling:
1.5 Ib/MWh multiplied by the {specify net or gross} electric output under paragraph (a) of this
section and divided by 2,000 Ib/ton, plus 0.24 Ib/mmBtu,,,** multiplied by the { specify net or gross}
thermal output under paragraph (a) of this section and divided by 2,000 Ib/ton. Each alocation will
be rounded to the nearest whole number of NOx allowances, as appropriate.

(6) The permitting authority will adjust theinitial alocationsunder paragraph (b)(5) of this
section so that the total number of NOx allowances allocated for each control period after 2005
eguals 98 percent of the number of tons of NOx emissions in the State trading program budget
apportioned to unitsunder 896.4(a)(1), if these numbersare not already equal. Thisadjustment will
be made by: multiplying each unit’s allocation for a control period after 2005 by 98 percent of the
number of tons of NOx emissions in the State trading program budget apportioned to units under
896.4(a)(1) divided by the total number of NOx allowances alocated under paragraph (b)(5) of this
section, and rounding to the nearest whole number of NOx allowances, as appropriate.

(c) Allocationto unitsunder 896.4(a)(2). For each control period in 2003 through 2005, the
permitting authority will allocate NOx allowances to all units under 896.4(a)(2) in [the State]
{substitute name of your State} that commenced operation on or after May 1, 1995, in accordance
with paragraphs (c)(1) through (c)(3) of this section. For each control period after 2005, the
permitting authority will allocate NOx allowancesto all NOx Budget unitsunder 896.4()(2) in [the
State] {substitute name of your State} that commenced operation before May 1 of the period used
to calculate heat input or electric and thermal output under paragraph (a) of this section, in
accordance with paragraphs (c)(4) through (c)(6) of this section.

#Use the value of 0.24 Ib/mmBtu output if you assume atypical boiler efficiency of 70%
and if you require sources to use the boiler efficiency approach for measuring thermal output, as
described in section V1. of this document (pp. 68-69, 84-91, and 124-137). If you decide to use
the simplified approach for monitoring output and a typical boiler efficiency of 70%, then this
number should be 0.22 Ib/mmBtu. If you want to assume a different typical boiler efficiency, see
section I1.A. to calculate your own allocation factor (pp. 23-31).
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(2) For 2003 through 2005, the Department will allocate NOx allowancesto all NOx Budget
units under 896.4(a)(2) in [the State] {substitute name of your State} that commenced operation
before May 1, 1997.

(2) For 2003 through 2005, the permitting authority will allocate NOx allowances to each
NOx Budget unit under 896.4(a)(2) in an amount equaling 0.17 Ib/mmBtu multiplied by the heat
input under paragraph (a) of this section, divided by 2,000 Ib/ton. Each allocation will be rounded
to the nearest whole number of NOx allowances, as appropriate

(3) For 2003 through 2005, the permitting authority will adjust the initial allocations under
paragraph (c)(2) of this section so that the total number of NOx allowances allocated equals 95
percent in 2003, 2004, or 2005, or 98 percent thereafter, of the number of tons of NOx emissionsin
the State trading program budget apportioned to units under 896.4(a)(2), if these numbers are not
already equal. Thisadjustment will be made by: multiplying each unit’s allocation in 2003, 2004,
or 2005 by 95 percent of the number of tons of NOx emissionsin the State trading program budget
apportioned to units under 896.4(a)(2), dividing by the total number of NOx allowances allocated
under paragraph (c)(2) of thissection, and rounding to the nearest whole number of NOx allowances,
as appropriate.

(4) For each control period after the year 2005, the permitting authority will alocate NOx
allowancesto all NOx Budget units under 896.4(a)(2) in [the State] { substitute name of your Sate}
that commenced operation beforeMay 1 of the period used to cal cul ate { specify net or gross} electric
and thermal output under paragraph (a)(2) of this section.

(5) For each control period after 2005, the permitting authority will allocate NOx allowances
to each unit under §96.4(a)(2) in an amount equaling: 0.24 Ib/mmBtu,,,* multiplied by the{specify
net or gross} thermal output under paragraph (@) of this section and divided by 2,000 Ib/ton, plus1.5
Ib/MWh multiplied by the {specify net or gross} electric output under paragraph (a) of this section
and divided by 2,000 |b/ton. Each allocation will be rounded to the nearest whole number of NOx
allowances, as appropriate.

(6) The permitting authority will adjust theinitia allocations under paragraph (c)(5) of this

% Same as footnote 34.
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section so that the total number of NOx allowances allocated for each control period after 2005
equals 98 percent of the number of tons of NOx emissions in the State trading program budget
apportioned to unitsunder 896.4(a)(2), if these numbersare not already equal. Thisadjustment will
be made by: multiplying each unit’s allocation for a control period after 2005 by 98 percent of the
number of tons of NOx emissions in the State trading program budget apportioned to units under
896.4(a)(2) and dividing by the total number of NOx allowances allocated under paragraph (c)(5)
of this section, and rounding to the nearest whole number of NOx allowances, as appropriate.

(d) For each control period under § 96.41, the permitting authority will allocate NOx
allowances to NOx Budget units under § 96.4 [or non-emitting generating systems] in [the State]
{insert name of your Sate} that commenced operation, or are projected to commence operation, on
or after May 1 of the period used to calculate heat input or electric and thermal output under
paragraph (a) of this section, in accordance with the following procedures:

(1) The permitting authority will establish one allocation set-aside for each control period.
Each allocation set-aside will be allocated NOx allowances equal to 5 percent in 2003, 2004, and
2005, or 2 percent thereafter, of the tons of NOx emissions in the State trading program budget,
rounded to the nearest whole number of NOx allowances, as appropriate.

(2) The NOx authorized account representative of aunit under paragraph (d) of this section
may submit to the permitting authority arequest, inwriting or in aformat specified by the permitting
authority, to be allocated NOx allowances for no more than five consecutive control periods under
§ 96.41, starting with the control period during which the unit commenced, or is projected to
commence, operation and ending with the control period preceding the control period for which it
will receive an allocation under paragraph (b) or (c) of this section. {If including non-emitting
generating systems, include the following sentence: The NOx authorized account representative of
a non-emitting generating systemunder paragraph (d) of this section may submit to the permitting
authority a request, in writing or in a format specified by the permitting authority, to be allocated
NOx allowances for no more than five consecutive control periods under § 96.41, starting with the
later of the control period in 2006 or the control period during which the non-emitting generating
system commenced, or is projected to commence, operation and ending with the control period

preceding the control period for which it will receive an allocation under paragraph (b) or (c) of
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thissection.} The NOx alowance allocation request must be submitted prior to May 1 of thefirst
control period for which the NOx allowance allocation is requested and after the date on which the
permitting authority issues a permit to construct the unit [or non-emitting generating system] .

(3) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representativefor aunit under 896.4(a)(1) [ or a non-emitting gener ating system]
may request NOx allowances for a control period in the following amount:

(i) For a control period in 2003, 2004, or 2005, the requested number of NOx allowances
must not exceed 0.15 Ib/mmBtu, multiplied by the unit’ smaximum design heat input (in mmBtu/hr),
multiplied by the number of hours remaining in the control period starting with the first day in the
control period on which the unit operated or is projected to operate, and divided by 2,000 Ib/ton.

(i) For acontrol periodin 2006 or thereafter, the requested number of NOx allowances must
not exceed 1.5 Ib/MWh multiplied by the nameplate capacity (in MW) of the unit [ or non-emitting
generating system] , multiplied by the number of hoursremaining in the control period starting with
thefirst day in the control period on which the unit operated or is projected to operate, and divided
by 2,000 Ib/ton.

(4) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representative for a unit under 896.4(a)(2) may request NOx allowances for a
control period in the following amount:

(i) For a control period in 2003, 2004, or 2005, the requested number of NOx allowances
must not exceed 0.17 [b/mmBtu multiplied by the unit’ smaximum design heat input (in mmBtu/hr),
multiplied by the number of hours remaining in the control period starting with the first day in the
control period on which the unit operated or is projected to operate, and divided by 2,000 Ib/ton.

(i) For acontrol periodin 2006 or thereafter, the requested number of NOx allowances must
not exceed 0.24 Ib/mmBtu,,,* multiplied by the maximum design heat input of the unit (in
mmBtu/hr), divided by an efficiency factor of 0.70,* multiplied by the number of hours remaining

% Same as footnote 34.

3'This efficiency factor of 0.70 is appropriate for use with the boiler efficiency approach
for measuring output, as described in section V1. of this document (pp. 68-69, 84-91, and 124-
137). If you decide to use the simplified approach for monitoring thermal output and atypical
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in the control period starting with the first day in the control period on which the unit operated or is
projected to operate, and divided by 2,000 Ib/ton.

(5) The permitting authority will review, and allocate NOx all owances pursuant to, each NOx
allowance allocation request under paragraph (d)(2) of this section in the order that the request is
received by the permitting authority.

(i) Upon receipt of the NOXx allowance all ocation request, the permitting authority will make
any necessary adjustmentsto therequest to ensurethat, for aunit under §96.4(a)(1) [ or non-emitting
generating system], the control period and the number of allowances specified are consistent with
the requirements of paragraphs (d)(2) and (3) of this section and, for a unit under 896.4(a)(2), the
control period and the number of allowances specified are consistent with the requirements of
paragraphs (d)(2) and (4) of this section.

(ii) If the allocation set-aside for the control period for which NOx allowances are requested
has an amount of NOx allowances not |ess than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will allocate the amount of the NOx allowances
requested (as adjusted under paragraph (d)(5)(i) of this section) to the unit [or non-emitting
generating system) .

(iii) If the allocation set-aside for the control period for which NOx allowances arerequested
has a smaller amount of NOx allowances than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will deny in part the request and allocate only the
remaining number of NOx allowances in the allocation set-aside to the unit [or non-emitting
generating system] .

(iv) Once an alocation set-aside for a control period has been depleted of all NOx
allowances, the permitting authority will deny, and will not allocate any NOx allowances pursuant
to, any NOx allowance allocation request under which NOx allowances have not aready been

allocated for the control period.

boiler efficiency of 70%, then this*“efficiency” factor should be 77% or 0.77. If you use the
simplified approach to monitoring output and assume a different boiler efficiency, divide the heat
input-based allocation factor of 0.17 Ib/mmBtu by the thermal output-based factor from Table I1-
linsectionIl.A., p.29, to compute the appropriate “efficiency” factor.
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(6) Within 60 daysof receipt of aNOx allowance all ocation request, the permitting authority
will take appropriate action under paragraph (d)(5) of this section and notify the NOx authorized
account representative that submitted the request and the Administrator of the number of NOx
allowances (if any) allocated for the control period to the unit [ or non-emitting generating system) .

(e) For aunit [ or non-emitting generating system| allocated NOx allowancesunder paragraph
(d) of this section for a control period, the Administrator will deduct NOx allowances under §
96.54(b) or (e) to account for the actual utilization or output of the unit [ or non-emitting generating
system| during the control period. The Administrator will calcul ate the number of NOx allowances
to be deducted to account for the unit’ sactual utilization or output using the following formulas and
rounding to the nearest whole number of NOx allowances as appropriate, provided that the number
of NOx allowances to be deducted shall be zero if the number calculated is |ess than zero:

NOx alowances deducted for actual utilization for a unit under 896.4(a)(1) for a control periodin
2003, 2004, or 2005 = (NOx allowances allocated for control period) - ( Actua control period heat
input x 0.15 Ib/mmBtu +2,000 Ib/ton);

NOx allowances deducted for actual output for a unit under 896.4(a)(1) [or a non-emitting
generating system| for acontrol period in 2006 or thereafter = (Unit’ sSNOx allowancesallocated for
control period) - ( Unit’s actual control period {specify net or gross} electric output x 1.5 [b/MWh
+2,000 Ib/ton and actual control period {specify net or gross} thermal output x 0.24 Ib/mmBtu,,
+2,000 Ib/ton); and

NOx allowances deducted for actual utilizationfor aunit under §96.4(a)(2) in 2003, 2004, or 2005=
(NOx alowances allocated for control period) - ( Actual control period heat input x 0.17 Ib/mmBtu
+2,000 Ib/ton); and

NOx allowances deducted for actual output for aunit under 896.4(a)(2) for acontrol period in 2006
or thereafter= (NOx allowances allocated for control period) - (Actual control period { specify net or
gross} thermal output x 0.24 |b/mmBtu® +2,000 Ib/ton and actual control period {specify net or
gross} electric output x 1.5 Ib/MWh + 2,000 |b/ton)

% Same as footnote 34.

% Same as footnote 34.
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where:

“NOx alowances alocated for control period” isthe number of NOx allowances allocated
to the unit [or the non-emitting generating system] for the control period; and

“Actual control period heat input” isthe heat input (in mmBtu) of the unit during the control
period; and

“Actual control period {specify net or gross} electric output” is the {specify net or gross}
electric output in MWh of the unit [or non-emitting generating system] during the control period;
and

“Actual control period {specify net or gross} thermal output” is the {specify net or gross}
thermal output in mmBtu,,, of the unit during the control period.

(f) After making the deductions for compliance under § 96.54(b) or (e) for acontrol period,
the Administrator will notify the permitting authority whether any NOx allowances remain in the
allocation set-aside for the control period. The permitting authority will allocate any such NOx
allowancesto the unitsunder 896.4 [ and the non-emitting generating systems] in [the State] {insert
name of your State} using the following formulaand rounding to the nearest whole number of NOx
allowances as appropriate:

Unit’s[or non-emitting generating system’ s| share of NOx allowances remaining in allocation set-
aside=Total NOx allowancesremaining in allocation set-aside x (NOx allowanceallocation + State
trading program budget excluding allocation set-aside)

where:

“Total NOx allowances remaining in allocation set-aside” is the total number of NOx allowances
remaining in the allocation set-aside for the control period;

“ NOx allowanceallocation” isthe number of NOx allowances allocated under paragraph (b) or (c)
of this section to the unit [or non-emitting generating system] for the control period to which the
allocation set-aside applies; and

“ State trading program budget excluding allocation set-aside” is the State trading program budget
for the control period to which the all ocation set-aside applies multiplied by 95 percent if the control
period isin 2003, 2004, or 2005 or 98 percent if the control period isin any year thereafter, rounded

to the nearest whole number of NOx allowances as appropriate.

Final EPA Guidance Document Devel oping and Updating Output-Based
May 8, 2000 Page 190 NOx Allowance Allocations



Appendix A: Sample rule language to account for output-based allocations Case 3

Case3
You initialy allocate and periodically update allocations to EGUs based on output and to
non-EGUs based on heat input

§ 96.42 NOx alowance alocations.

(a) Basisfor allocation. The permitting authority will calculate NOx allowance allocations
for each NOx Budget unit under § 96.4 [or non-emitting generating system] as follows:

(1) For aNOx allowance alocation for 2003 through 2005 under §896.41(a):

(i) The permitting authority will use the average of the two highest amounts of the unit’s[or
non-emitting generating system's] {specify net or gross} electric output (in MWh) and { specify net
or gross} thermal output (in mmBtu output) for the control periodsin 1995, 1996, and 1997 if the
unit [or non-emitting generating system] isunder 896.4(a)(1), or the unit’ sheat input for the control
period in 1995 if the unit is under 896.4(a)(2); or

(if) For a unit under 896.4(a)(1) [or non-emitting generating system] that commences
operation on or after May 1, 1997, the permitting authority will use the unit’s [or non-emitting
generating system's| {specify net or gross} output, in accordance with paragraph (d) of this section.
For a unit under 896.4(a)(2) that commences operation on or after May 1, 1995, ther permitting
authority will use the unit's heat input, in accordance with paragraph (d) of this section.

(2) For aNOx alowance allocation for any year after 2005 under §96.41(b):

(1) The permitting authority will use the {specify net or gross} electric and thermal output for
the unit under 896.4(a)(1) [ or the non-emitting generating system] , and heat input for the unit under
896.4(a)(2) for the control period in the year that is four years before the year for which the NOx
allocation is being calculated; or

(i) For aunit [ or non-emitting generating system] that commencesoperationon or after May
1 of the year that is four years before the year for which the permitting authority allocates, the
permitting authority will determine allocations in accordance with paragraph (d) of this section.

(3) The permitting authority will determine the unit’s heat input:

(i) In accordance with 40 CFR part 75; or
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(i1) Based on the best available data reported to the permitting authority for the unit, if the
unit was not otherwise subject to the requirements of 40 CFR part 75 for the control period.

(4) The permitting authority will determine the {specify gross or net} thermal and {specify
gross or net} electric output for the unit [or non-emitting generating system] using {insert source
of data—e.g., net electric generation data fromthe Ener gy Infor mation Administration, grosselectric
generation data in accordance with subpart H of 40 CFR part 75, electric generation data in
accordance with subpart H of 40 CFR part 75, or the best available data reported to the permitting
authority for the unit or non-emitting generating system.}

(b) Allocation to units under 896.4(a)(1)[ and non-emitting generating systems] . For each
control period in 2003 through 2005, the permitting authority will allocate NOx allowances to all
NOx Budget units under 896.4(a)(1) [or non-emitting generating system] in [the State] {substitute
name of your Sate} that commenced operation before May 1, 1997. For each control period after
2005, the permitting authority will allocate NOx allowances to all NOx Budget units under
§896.4(a)(1) [ or non-emitting generating systems] in [the State] {substitute name of your State} that
commenced operation beforeMay 1 of the period used to cal cul ate el ectric and thermal output under
paragraph (a)(2) of thissection. The permitting authority will calculate NOx allowance allocations
asfollows:

(1) The permitting authority will allocate NOx allowances to each unit under §96.4(a)(1)
[ and to each non-emitting generating system| in an amount equaling: 1.5 Ib/MWh multiplied by the
{specify net or gross} electric output under paragraph (a) of this section and divided by 2,000 |b/ton,
plus 0.24 Ib/mmBtu,,* multiplied by the {specify net or gross} thermal output under paragraph (a)
of this section and divided by 2,000 Ib/ton. Each allocation will be rounded to the nearest whole
number of NOXx allowances, as appropriate.

(2) For the control periods 2003, 2004, and 2005, the permitting authority will adjust the

“Use the value of 0.24 Ib/mmBtu output if you assume atypical boiler efficiency of 70%
and if you require sources to use the boiler efficiency approach for measuring thermal output, as
described in section V1. of this document (pp. 68-69, 84-91, and 124-137). If you decide to use
the simplified approach for monitoring output and a typical boiler efficiency of 70%, then this
number should be 0.22 Ib/mmBtu. If you want to assume a different typical boiler efficiency, see
section I1.A. to calculate your own allocation factor (pp. 23-31).
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initial allocations under paragraph (b)(1) of this section so that the total number of NOx allowances
allocated for 2003, 2004, or 2005 equals 95 percent of the number of tons of NOx emissionsin the
Statetrading program budget apportioned to unitsunder 896.4(a)(1), if these numbersarenot already
equal. Thisadjustment will be made by: multiplying each unit’ sallocation for 2003, 2004, or 2005
by 95 percent of the number of tons of NOx emissions in the State trading program budget
apportioned to units under 896.4(a)(1) divided by the total number of NOx allowances allocated
under paragraph (b)(1) of thissection, and rounding to the nearest whole number of NOx allowances,
as appropriate.

(3) For each control period after 2005, the permitting authority will adjust the initia
allocations under paragraph (b)(1) of this section so that the total number of NOx allowances
alocated for each control period after 2005 equals 98 percent of the number of tons of NOx
emissions in the State trading program budget apportioned to units under 896.4(a)(1), if these
numbers are not already equal. Thisadjustment will be made by: multiplying each unit’ sallocation
for a control period after 2005 by 98 percent of the number of tons of NOx emissionsin the State
trading program budget apportioned to units under 896.4(a)(1) divided by the total number of NOx
allowances allocated under paragraph (b)(1) of this section, and rounding to the nearest whole
number of NOXx allowances, as appropriate.

(c) Allocation to units under 896.4(a)(2). For each control period under § 96.41, the
permitting authority will allocate NOx allowancesto all unitsunder 896.4(a)(2) in[the State] {insert
name of State} that commenced operation before May 1 of the period used to calculate heat input
under paragraph (a) of this section. The permitting authority will allocate NOx allowances in
accordance with the following procedures:

(1) The permitting authority will alocate NOx allowances to each NOx Budget unit under
§896.4(a)(2) in an amount equaling 0.17 Ib/mmBtu multiplied by the heat input under paragraph (a)
of thissection, divided by 2,000 Ib/ton. Eachallocationwill berounded to the nearest whole number
of NOx allowances, as appropriate.

(2) The permitting authority will adjust the unadjusted all ocations under paragraph (c)(1) of
this section so that the total number of NOx allowances allocated equals 95 percent in 2003, 2004,
and 2005, or 98 percent thereafter, of the number of tons of NOx emissions in the State trading
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program budget apportioned to unitsunder 896.4(a)(2), if these numbersarenot already equal. This
adjustment will be made by: multiplying each unit’ sfor acontrol period by 95 percent in 2003, 2004,
or 2005, or by 98 percent thereafter, of the number of tons of NOx emissions in the State trading
program budget apportioned to units under 896.4(a)(2), dividing by the total number of NOx
allowances alocated under paragraph (c)(1) of this section, and rounding to the nearest whole
number of NOx allowances, as appropriate.

(d) For each control period under § 96.41, the permitting authority will allocate NOx
allowances to NOx Budget units under 8§ 96.4 [or non-emitting generating systems] in [the State]
{insert name of your State} that commenced operation, or are projected to commence operation, on
or after May 1 of the period used to calculate heat input or electric and thermal output under
paragraph (@) of this section, in accordance with the following procedures:

(1) The permitting authority will establish one allocation set-aside for each control period.
Each alocation set-aside will be allocated NOx allowances equal to 5 percent in 2003, 2004, and
2005, or 2 percent thereafter, of the tons of NOx emissions in the State trading program budget,
rounded to the nearest whole number of NOx allowances, as appropriate.

(2) TheNOx authorized account representative of aunit [ or non-emitting generating system|
under paragraph (d) of this section may submit to the permitting authority arequest, in writing or in
aformat specified by the permitting authority, to be allocated NOx allowancesfor no morethan five
consecutive control periodsunder 8§ 96.41, starting with the control period during which the unit [or
non-emitting generating system| commenced, or is projected to commence, operation and ending
with the control period preceding the control period for which it will receive an allocation under
paragraph (b) or (c) of thissection. The NOx allowance allocation request must be submitted prior
to May 1 of the first control period for which the NOx allowance alocation is requested and after
the date on which the permitting authority issues a permit to construct the unit [or non-emitting
generating system].

(3) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representativefor aunit under 896.4(a)(1) [ or anon-emitting gener ating system]
may request NOx allowancesfor acontrol period. The requested number of NOx allowances must

not exceed 1.5 Ib/MWh multiplied by the nameplate capacity (in MW) of the unit [or non-emitting
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generating system] , multiplied by the number of hoursremaining in the control period starting with
thefirst day in the control period on which the unit operated or is projected to operate, and divided
by 2,000 Ib/ton.

(4) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representative for a unit under 896.4(a)(2) may request NOx allowances for a
control period. The requested number of NOx alowances must not exceed 0.17 Ib/mmBtu
multiplied by the unit’s maximum design heat input (in mmBtu/hr), multiplied by the number of
hours remaining in the control period starting with the first day in the control period on which the
unit operated or is projected to operate, and divided by 2,000 Ib/ton.

(5) Thepermitting authority will review, and all ocate NOx all owances pursuant to, each NOx
allowance allocation request under paragraph (d)(2) of this section in the order that the request is
received by the permitting authority.

(1) Upon receipt of the NOx allowance all ocation request, the permitting authority will make
any necessary adjustmentsto the request to ensurethat, for aunit under 896.4(a)(1) [ or non-emitting
generating system], the control period and the number of allowances specified are consistent with
the requirements of paragraphs (d)(2) and (3) of this section and, for aunit under 896.4(a)(2), the
control period and the number of allowances specified are consistent with the requirements of
paragraphs (d)(2) and (4) of this section.

(i1) If the allocation set-aside for the control period for which NOx allowances are requested
has an amount of NOx allowances not |ess than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will alocate the amount of the NOx allowances
requested (as adjusted under paragraph (d)(5)(i) of this section) to the unit [or non-emitting
generating system] .

(iii) If the allocation set-aside for the control period for which NOx allowances arerequested
has a smaller amount of NOx allowances than the number requested (as adjusted under paragraph
(d)(5)(i) of thissection), the permitting authority will deny in part the request and allocate only the
remaining number of NOx allowances in the alocation set-aside to the unit [or non-emitting
generating system) .

(iv) Once an alocation set-aside for a control period has been depleted of all NOx
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allowances, the permitting authority will deny, and will not allocate any NOx allowances pursuant
to, any NOx allowance allocation request under which NOx allowances have not aready been
allocated for the control period.

(6) Within 60 daysof receipt of aNOx allowance all ocation request, the permitting authority
will take appropriate action under paragraph (d)(5) of this section and notify the NOx authorized
account representative that submitted the request and the Administrator of the number of NOx
allowances (if any) alocated for the control period to the unit [ or non-emitting generating system) .

(e) For aunit [ or non-emitting generating system] allocated NOx allowancesunder paragraph
(d) of this section for a control period, the Administrator will deduct NOx allowances under 8§
96.54(b) or (e) to account for the actual utilization or output of the unit [ or non-emitting generating
system] during the control period. The Administrator will calculate the number of NOx allowances
to be deducted to account for the unit’ sactual utilization or output using the following formulas and
rounding to the nearest whole number of NOx allowances as appropriate, provided that the number
of NOx allowances to be deducted shall be zero if the number calculated is less than zero:

NOx allowances deducted for actual output for a unit under 896.4(a)(1) [or a non-emitting
generating system] = (Unit’sNOx allowances allocated for control period) - ( Unit’sactual control
period {specify net or gross} electric output x 1.5 Ib/MWh +2,000 |b/ton and actual control period
{specify net or gross} thermal output x 0.24 Ib/mmBtu,,,** +2,000 Ib/ton); and

NOx allowances deducted for actua utilization for a unit under 896.4(a)(2)= (NOx alowances
allocated for control period) - (Actual control period heat input x 0.17 Ib/mmBtu +2,000 Ib/ton)
where:

“NOx alowances alocated for control period” isthe number of NOx allowances allocated
to the unit [or the non-emitting generating system] for the control period; and

“Actual control period heat input” isthe heat input (in mmBtu) of the unit during the control
period; and

“Actual control period {specify net or gross} electric output” is the {specify net or gross}

electric output in MWh of the unit [ or non-emitting generating system] during the control period;

“1Same as footnote 40.
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and

“Actual control period {specify net or gross} thermal output” is the {specify net or gross}
thermal output in mmBtu,,, of the unit during the control period.

(f) After making the deductions for compliance under § 96.54(b) or (€) for acontrol period,
the Administrator will notify the permitting authority whether any NOx allowances remain in the
allocation set-aside for the control period. The permitting authority will allocate any such NOx
allowancesto the unitsunder 896.4 [ and the non-emitting generating systems] in [the State] {insert
name of your State} using the following formulaand rounding to the nearest whole number of NOx
allowances as appropriate:

Unit’s[or non-emitting generating systent s| share of NOx allowances remaining in allocation set-
aside=Total NOx alowancesremainingin allocation set-aside x (NOx allowanceallocation + State
trading program budget excluding allocation set-aside)

where:

“Total NOx allowances remaining in allocation set-aside” is the total number of NOx allowances
remaining in the allocation set-aside for the control period;

“ NOx allowance allocation” isthe number of NOx allowances all ocated under paragraph (b) or (c)
of this section to the unit [or non-emitting generating system| for the control period to which the
allocation set-aside applies; and

“ State trading program budget excluding allocation set-aside” is the State trading program budget
for the control period to which the all ocation set-aside applies multiplied by 95 percent if the control
periodisin 2003, 2004, or 2005 or 98 percent if the control periodisin any year thereafter, rounded

to the nearest whole number of NOx allowances as appropriate.
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Case4
Youinitially allocateand periodically update all ocationsto both EGUsand non-EGUs based

on output

§96.42 NOx allowance allocations.

(a) Basisfor allocation. The permitting authority will calculate NOx allowance allocations
for each NOx Budget unit under 8 96.4 [or non-emitting generating system] as follows:

(1) For aNOx alowance alocation for 2003 through 2005 under §96.41(a):

() The permitting authority will use the average of the two highest amounts of the unit’s[or
non-emitting generating system's| {specify net or gross} electric output (in MWh) and { specify net
or gross} thermal output (in mmBtu output) for the control periodsin 1995, 1996, and 1997 if the
unit [or non-emitting generating system)] is under 896.4(a)(1), or the unit’s {specify net or gross}
thermal output (inmmBtu output) and { specify net or gross} el ectric output (in MWh) for the control
period in 1995 if the unit is under 896.4(a)(2); or

(if) For a unit under 896.2(a)(1) [or non-emitting generating system] that commences
operation on or after May 1, 1997, or for aunit under §96.4(a)(2) that commences operation on or
after May 1, 1995, the permitting authority will usethe unit’ s[or non-emitting generating system's|
electric output or thermal output in accordance with paragraph (d) of this section.

(2) For aNOx alowance alocation for any year after 2005 under 896.41(b):

(i) The permitting authority will use the {specify net or gross} electric and thermal output for
the unit [or the non-emitting generating system] for the control period in the year that isfour years
before the year for which the NOx allocation is being calculated; or

(i) For aunit [ or non-emitting generating system] that commencesoperationon or after May
1 of the year that is four years before the year for which the permitting authority allocates, the
permitting authority will determine allocations in accordance with paragraph (d) of this section.

(3) The permitting authority will determine the {specify gross or net} thermal and electric
output for the unit [or the non-emitting generating system] using {insert source of data—e.g., net
el ectric generation data fromthe Ener gy I nfor mation Administration, grosselectric generation data

in accordance with subpart H of 40 CFR part 75, electric generation data in accordance with
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subpart H of 40 CFR part 75, or the best available data reported to the permitting authority for the
unit [or the non-emitting generating system) .}

(b) Allocation to units under 896.4(a)(1)[ and non-emitting generating systems] . For each
control period in 2003 through 2005, the permitting authority will allocate NOx allowances to all
NOx Budget unitsunder 896.4(a)(1) [or non-emitting generating systems] in [the State] {substitute
name of your Sate} that commenced operation before May 1, 1997. For each control period after
2005, the permitting authority will allocate NOx allowances to all NOx Budget units under
896.4(a)(1) [ or non-emitting generating systems] in [the State] {substitute name of your State} that
commenced operation beforeMay 1 of the period used to cal cul ate el ectric and thermal output under
paragraph (a)(2) of thissection. The permitting authority will calculate NOx allowance allocations
asfollows:

(1) For each control period, the permitting authority will allocate NOx allowances to each
unit under 896.4(a)(1) [and to each non-emitting generating system] in an amount equaling: 1.5
Ib/MWh multiplied by the {specify net or gross} electric output under paragraph (a) of this section
and divided by 2,000 Ib/ton, plus0.24 Ib/mmBtu,,,** multiplied by the {specify net or gross} thermal
output under paragraph (@) of this section and divided by 2,000 Ib/ton. Each allocation will be
rounded to the nearest whole number of NOx allowances, as appropriate.

(2) For 2003 through 2005, the permitting authority will adjust the initial allocations under
paragraph (b)(1) of thissection so that thetotal number of NOx allowancesallocated for 2003, 2004,
or 2005 equals 95 percent of the number of tons of NOx emissions in the State trading program
budget apportioned to units under 896.4(a)(1), if these numbers are not aready equal. This
adjustment will be made by: multiplying each unit’ sallocation for 2003, 2004, or 2005 by 95 percent
of the number of tons of NOx emissions in the State trading program budget apportioned to units
under 896.4(a)(1), dividing by the total number of NOx allowances allocated for the year under

“?Use the value of 0.24 Ib/mmBtu output if you assume atypical boiler efficiency of 70%
and if you require sources to use the boiler efficiency approach for measuring thermal output, as
described in section V1. of this document (pp. 68-69, 84-91, and 124-137). If you decide to use
the simplified approach for monitoring output and a typical boiler efficiency of 70%, then this
number should be 0.22 Ib/mmBtu. If you want to assume a different typical boiler efficiency, see
section I1.A. to calculate your own allocation factor (pp. 23-31).
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paragraph (b)(1) of this section, and rounding to the nearest whole number of NOx allowances, as
appropriate.

(3) For each control period after 2005, the permitting authority will adjust the initia
allocations under paragraph (b)(1) of this section so that the total number of NOx allowances
alocated for each control period after 2005 equals 98 percent of the number of tons of NOXx
emissions in the State trading program budget apportioned to units under 896.4(a)(1), if these
numbers are not already equal. Thisadjustment will be made by: multiplying each unit’ sallocation
for a control period after 2005 by 98 percent of the number of tons of NOx emissionsin the State
trading program budget apportioned to units under 896.4(a)(1) divided by the total number of NOx
allowances allocated under paragraph (b)(1) of this section, and rounding to the nearest whole
number of NOXx allowances, as appropriate.

(c) Allocation to units under 896.4(a)(2). For 2003 through 2005, the Department will
allocate NOx allowancesto all NOx Budget units under 896.4(a)(2) in [the State] {substitute name
of your State} that commenced operation before May 1, 1995. For each control period after the year
2005, the permitting authority will allocate NOx allowances to all NOx Budget units under
896.4(a)(2) in [the State] {substitute name of your State} that commenced operation before May 1
of the period used to cal culate el ectric and thermal output under paragraph (a)(2) of thissection. The
permitting authority will calculate NOx allowance allocations as follows:

(1) The permitting authority will allocate NOx allowancesto each unit under 896.4(a)(2) in
anamount equaling: 0.24 |b/mmBtu,,,** multiplied by the{specify net or gross} thermal output under
paragraph (a) of thissection and divided by 2,000 Ib/ton, plus 1.5 Ib/MWh multiplied by the{specify
net or gross} electric output under paragraph (a) of this section and divided by 2,000 Ib/ton. Each
alocation will be rounded to the nearest whole number of NOx allowances, as appropriate.

(2) For 2003 through 2005, the permitting authority will adjust the unadjusted allocations
under paragraph (c)(1) of this section so that the total number of NOx allowances allocated equals
95 percent in 2003, 2004, or 2005, of the number of tons of NOx emissions in the State trading
program budget apportioned to unitsunder 896.4(a)(2), if these numbersarenot already equal. This

43Same as footnote 42.
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adjustment will be made by: multiplying each unit’ sallocation in 2003, 2004, or 2005 by 95 percent
of the number of tons of NOx emissions in the State trading program budget apportioned to units
under 896.4(a)(2), dividing by thetotal number of NOXx allowances all ocated under paragraph (c)(1)
of this section, and rounding to the nearest whole number of NOx allowances, as appropriate.

(3) For each control period after 2005, the permitting authority will adjust the initial
allocations under paragraph (c)(1) of this section so that the total number of NOx allowances
alocated for each control period after 2005 equals 98 percent of the number of tons of NOx
emissions in the State trading program budget apportioned to units under 896.4(a)(2), if these
numbers are not already equal. Thisadjustment will be made by: multiplying each unit’ sallocation
for a control period after 2005 by 98 percent of the number of tons of NOx emissionsin the State
trading program budget apportioned to units under 896.4(a)(2) and dividing by the total number of
NOx allowances alocated under paragraph (c)(1) of this section, and rounding to the nearest whole
number of NOXx allowances, as appropriate.

(d) For each control period under § 96.41, the permitting authority will allocate NOx
allowances to NOx Budget units under 8 96.4 [or non-emitting generating systems] in [the State]
{insert name of your Sate} that commenced operation, or are projected to commence operation, on
or after May 1 of the period used to cal cul ate el ectric and thermal output under paragraph (a) of this
section, in accordance with the following procedures:

(1) The permitting authority will establish one allocation set-aside for each control period.
Each allocation set-aside will be allocated NOx allowances equal to 5 percent in 2003, 2004, and
2005, or 2 percent thereafter, of the tons of NOx emissions in the State trading program budget,
rounded to the nearest whole number of NOx allowances, as appropriate.

(2) TheNOx authorized account representativeof aunit [ or non-emitting generating system|
under paragraph (d) of this section may submit to the permitting authority arequest, in writing or in
aformat specified by the permitting authority, to be allocated NOx allowancesfor no morethanfive
consecutive control periodsunder 8 96.41, starting with the control period during which the unit [or
non-emitting generating system] commenced, or is projected to commence, operation and ending
with the control period preceding the control period for which it will receive an allocation under

paragraph (b) or (c) of thissection. The NOx allowance all ocation request must be submitted prior
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to May 1 of the first control period for which the NOx allowance allocation is requested and after
the date on which the permitting authority issues a permit to construct the unit [or non-emitting
generating system] .

(3) In aNOx allowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representativefor aunit under 896.4(a)(1) [ or a non-emitting gener ating system]
may request NOx allowances for acontrol period. The requested number of NOXx allowances must
not exceed 1.5 Ib/MWh multiplied by the nameplate capacity (in MW) of the unit [or non-emitting
generating system] , multiplied by the number of hoursremaining in the control period starting with
thefirst day in the control period on which the unit operated or is projected to operate, and divided
by 2,000 Ib/ton.

(4) InaNOx alowance allocation request under paragraph (d)(2) of this section, the NOx
authorized account representative for a unit under 896.4(a)(2) may request NOx allowances for a
control period. The requested number of NOx allowances must not exceed 0.24 Ib/mmBtu,,,,*
multiplied by the maximum design heat input of the unit (in mmBtu/hr), divided by an efficiency
factor of 0.70,* multiplied by the number of hours remaining in the control period starting with the
first day in the control period on which the unit operated or is projected to operate, and divided by
2,000 Ib/ton.

(5) Thepermitting authority will review, and all ocate NOx all owances pursuant to, each NOx
allowance allocation request under paragraph (d)(2) of this section in the order that the request is
received by the permitting authority.

(1) Upon receipt of the NOx allowance all ocation request, the permitting authority will make

any necessary adjustmentsto therequest to ensurethat, for aunit under 896.4(a)(1) [ or non-emitting

4 Same as footnote 42.

“® This efficiency factor of 0.70 is appropriate for use with the boiler efficiency approach
for measuring output, as described in section V1. of this document (pp. 68-69, 84-91, and 124-
137). If you decide to use the simplified approach for monitoring thermal output and atypical
boiler efficiency of 70%, then this*“efficiency” factor should be 77% or 0.77. If you use the
simplified approach to monitoring output and assume a different boiler efficiency, divide the heat
input-based allocation factor of 0.17 Ib/mmBtu by the thermal output-based factor from Table I1-
linsectionIl.A., p. 29 to compute the appropriate “efficiency” factor.
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generating system], the control period and the number of allowances specified are consistent with
the requirements of paragraphs (d)(2) and (3) of this section and, for aunit under 896.4(a)(2), the
control period and the number of allowances specified are consistent with the requirements of
paragraphs (d)(2) and (4) of this section.

(i1) If the allocation set-aside for the control period for which NOx allowances are requested
has an amount of NOx allowances not |ess than the number requested (as adjusted under paragraph
(d)(5)(i) of this section), the permitting authority will allocate the amount of the NOx allowances
requested (as adjusted under paragraph (d)(5)(i) of this section) to the unit [or non-emitting
generating system] .

(iii) If the allocation set-aside for the control period for which NOx allowances are requested
has a smaller amount of NOx allowances than the number requested (as adjusted under paragraph
(d)(5)(i) of thissection), the permitting authority will deny in part the request and allocate only the
remaining number of NOx allowances in the allocation set-aside to the unit [or non-emitting
generating system) .

(iv) Once an alocation set-aside for a control period has been depleted of all NOx
allowances, the permitting authority will deny, and will not allocate any NOx allowances pursuant
to, any NOx allowance allocation request under which NOx allowances have not already been
allocated for the control period.

(6) Within 60 daysof receipt of aNOx allowance all ocation request, the permitting authority
will take appropriate action under paragraph (d)(5) of this section and notify the NOx authorized
account representative that submitted the request and the Administrator of the number of NOx
allowances (if any) alocated for the control period to the unit [ or non-emitting generating system) .

(e) For aunit [ or non-emitting generating system] allocated NOx all owancesunder paragraph
(d) of this section for a control period, the Administrator will deduct NOx allowances under §
96.54(b) or (e) to account for the actual output of the unit [or non-emitting generating system]
during the control period. The Administrator will calculate the number of NOx allowances to be
deducted to account for the unit’s actual output using the following formulas and rounding to the
nearest whole number of NOx allowances as appropriate, provided that the number of NOx

alowances to be deducted shall be zero if the number calculated is less than zero:
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NOx allowances deducted for actual output for a unit under 896.4(a)(1) [or a non-emitting
generating system] = (Unit’sNOx allowances allocated for control period) - ( Unit’sactual control
period {specify net or gross} electric output x 1.5 Ib/MWh +2,000 |b/ton and actual control period
{specify net or gross} thermal output x 0.24 Ib/mmBtu,,,* +2,000 Ib/ton); and

NOx allowancesdeducted for actual output for aunit under 896.4(a)(2)= (NOx allowancesallocated
for control period) - (Actual control period{specify net or gross} thermal output x 0.24 Ib/mmBtu,,,*’
+2,000 |b/ton and actual control period {specify net or gross} electric output x 1.5 1b/MWh + 2,000
Ib/ton)

where:

“NOx alowances alocated for control period” isthe number of NOx allowances allocated
to the unit [or the non-emitting generating system] for the control period; and

“Actual control period {specify net or gross} electric output” is the {specify net or gross}
electric output in MWh of the unit [ or non-emitting generating system] during the control period;
and

“Actual control period {specify net or gross} thermal output” is the {specify net or gross}
thermal output in mmBtu,,, of the unit during the control period.

(f) After making the deductions for compliance under § 96.54(b) or (e) for acontrol period,
the Administrator will notify the permitting authority whether any NOx allowances remain in the
allocation set-aside for the control period. The permitting authority will allocate any such NOx
allowancesto the unitsunder 896.4 [ and the non-emitting generating systems] in [the State] {insert
name of your State} using the following formulaand rounding to the nearest whole number of NOx
allowances as appropriate:

Unit’s[or non-emitting generating system's] share of NOx allowances remaining in allocation set-
aside=Total NOx allowancesremaining in alocation set-aside x (NOx allowanceallocation + State
trading program budget excluding allocation set-aside)

where:

4 Same as footnote 42.

47 Same as footnote 42.
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“Total NOx allowances remaining in allocation set-aside” is the total number of NOx allowances
remaining in the allocation set-aside for the control period;

“ NOx allowanceallocation” isthe number of NOx allowances allocated under paragraph (b) or (c)
of this section to the unit [or non-emitting generating system] for the control period to which the
allocation set-aside applies; and

“ State trading program budget excluding allocation set-aside” is the State trading program budget
for the control period to which the all ocation set-aside applies multiplied by 95 percent if the control
period isin 2003, 2004, or 2005 or 98 percent if the control period isin any year thereafter, rounded

to the nearest whole number of NOx allowances as appropriate.
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Appendix B: Glossary of termsused in thisguidance

add-on pollution controls—apollution reduction control technol ogy that operatesindependent

of the combustion process. Examples: selective catalytic reduction, scrubber

adjusted all ocation—an all ocation that hasbeen increased or decreased in proportionto aunit,
source or generator’s share of al operation from a group of units or sources with a budget. For
example, an electric generating unit’sinitial allocation could be increased if the sum of the initia
alocations for all unitsin the EGU sector was |ess than the budget for the EGU sector. Each unit
would then have its allocation increased so that it would have the same fraction of the EGU sector

budget as it has afraction of total electric generation in the EGU sector in the state.

AGA-American Gas Association

allocation-the number of NOx allowancesthe permitting authority assignsto aunit or a set-
aside. Section 96.2 of the model rulefor the NOx Budget Trading Program defines an allocation as
“the determination by the permitting authority or the Administrator of the number of NOx
allowancesto be initially credited to aNOx Budget unit or an allocation set-aside.”

allowance-an authorization to emit up to one ton of apollutant during the control period of
the specified year or of any year thereafter. For the NOx Budget Trading Program, the authorization
is from the permitting authority or the Administrator to emit up to one ton of NOKX.

ANSI-American National Standards Institute

ASME-American Society for Mechanical Engineering

ASTM-American Society for Testing and Materials
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auxiliary load—electric generation used internally as part of operations of the unit, fuel feed

equipment, fans, belts, or generator.

baseline period-the period of timefromwhich historical operating information comes, which
isthen used asthe basisfor allocations. Section 96.42 of themodel rulefor the NOx Budget Trading
Program under the NOx SIP call uses the control periods of 1995, 1996, and 1997 as the baseline
period for alocations for 2003, 2004, and 2005.

boiler-an enclosed fossil or other fuel-fired combustion device used to produce heat and to

transfer heat to recirculating water, steam, or other medium.

boiler efficiency-- ameasure of the efficiency of asteam generating system which calculates
efficiency asthe energy imparted to the steam from combustion (mmBtu) divided by the boiler heat
input due to combustion of fuel (mmBtu). A monitoring system which determines the energy
imparted to the steam leaving the boiler tubes by cal cul ating the balance of energy on thermal energy

leaving and entering the boiler measures boiler efficiency.

boiler efficiency approach— an approach to monitoring thermal output that determines the
energy imparted to the steam |eaving the boiler tubesby cal culating the balance of energy on thermal
energy leaving and entering the boiler through steam or hot water output and boiler input water. This
approach assumes that efficiency is calculated using an energy balance that subtracts hot water or
steam’ senergy from thethermal energy leaving aboiler, andisdivided by the boiler heat input from

combustion of fuel.
boiler feedwater return or feedwater—the condensed water entering a boiler to be reheated
that previously camefromtheboiler. Thiscondensatereturn addsthermal energy towater going into

the boiler.

Btu/kKWh— British thermal units per kilowatt-hour
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buss bar—the point where electricity leaves a power plant to go to the grid.

combined cycle system--a system comprised of a combustion turbine, one or more heat
recovery steam generators, and steam turbinesconfigured toimproveoverall efficiency of electricity

generation or steam production.

CEMSor continuous emission monitoring systems-- Equipment for continuously measuring
and recording characteristics of pollutants in stack gas, such as the NOx concentration, NOx
emission rate in Ib/mmBtu, stack flow rate, or NOx mass. In section 96.2 of the model rule for the
NOx Budget Trading Program for the NOx SIP call, CEMS are “the equipment required under
subpart H of [40 CFR part 96] to sample, analyze, measure, and provide, by readings taken at |east
onceevery 15 minutesof themeasured parameters, apermanent record of nitrogen oxidesemissions,
expressed in tons per hour for nitrogen oxides....” Under the NOx SIP call, CEMS must meet the
applicable requirements of 40 CFR part 75.

cement kiln—a device which heats and processes cement.

CFR—Code of Federal Regulations

Cogeneration unit—a unit that produces electric energy and useful thermal energy for
industrial, commercial, or residential heating or cooling purposes, through the sequential use of the
original fuel energy.

CHP or combined heat and power or Cogeneration--producing electric energy and useful
thermal energy for industrial, commercial, or residential heating or cooling purposes, through the

sequential use of the original fuel energy.

CT or combustion turbine-- an enclosed fossil or other fuel-fired device that is comprised of
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acompressor, acombustor, and a turbine, and in which the flue gas resulting from the combustion

of fuel in the combustor passes through the turbine, rotating the turbine.

condensate-water that is created when steam condenses.

DAHS or data acquisition and handling system-- the computerized system for receiving,
calculating, recording, and reporting emissions and operating data in appropriate units of measure.
Section 96.2 of the model rule for the NOx Budget Trading Program defines DAHS as “that
component of the CEMS, or other emissions monitoring system approved for use under subpart H
of [40 CFR part 96], designed to interpret and convert individual output signals from pollutant
concentration monitors, flow monitors, diluent gas monitors, and other component parts of the
monitoring system to produce a continuous record of the measured parameters in the measurement
units required by subpart H of [40 CFR part 96].

EDRor electronic data reporting-- EPA’ s standardized format for electronic datareporting.

EGU—€lectric generating unit. For purposes of this document, afossil fuel-fired unit that

serves an electric generator greater than 25 MWe and produces electricity for sale.

ElA—- Energy Information Administration

electric output--the electric generation (in MWh) from an electric generator.

EF—degrees Fahrenheit

fossil fuel-- natural gas, petroleum, coal, or any form of solid, liquid, or gaseousfuel derived

from such material.

fossil fuel-fired—burning mostly fossil fuels. Section 96.2 of the model rule for the NOx
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Budget Trading Program defines fossil fuel-fired as “with regard to a unit:

(1) The combustion of fossil fuel, alone or in combination with any other fuel, where fossil fuel
actually combusted comprises more than 50 percent of the annual heat input on a Btu basis during
any year starting in 1995 or, if a unit had no heat input starting in 1995, during the last year of
operation of the unit prior to 1995; or

(2) The combustion of fossil fuel, alone or in combination with any other fuel, where fossil fuel is
projected to comprise more than 50 percent of the annual heat input on a Btu basis during any year;
provided that the unit shall be “fossil fuel-fired” as of the date, during such year, on which the unit

begins combusting fossil fuel.

grid—asystem for transmitting or distributing electricity.

gross output--the total energy output of a process before making any deductions for any

energy output consumed in any way related to producing energy through that process.

heat input—thermal energy going into a process through combustion of fuel. Section 96.2 of
the model rule for the NOx Budget Trading Program defines heat input as “the product (in
mmBtu/time) of the gross calorific value of the fuel (in Btu/lb) and the fuel feed rate into a
combustion device (in mass of fuel/time), as measured, recorded, and reported to the Administrator
by the NOx authorized account representative and as determined by the Administrator in accordance
with subpart H of [40 CFR part 96], and does not include the heat derived from preheated

combustion air, recirculated flue gases, or exhaust from other sources.”

heat rate-the efficiency of producing electricity from combustion of fuel, in Btu/kWh.

houseload—€l ectric generation or thermal energy generation used internally withinthefacility

where the electricity or thermal energy is generated.

HRSG or heat recovery steam generator—a device for recovering heat |eft after generating
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electricity with aturbine and using the recovered heat to produce steam.

| EEE-Institute of Electrical and Electronics Engineers

industrial boiler or turbine—a boiler or turbine used to provide thermal energy, or in some

cases electricity, to operate an industrial process.

institutional boiler or turbine-aboiler or turbine used to provide thermal energy, or in some
cases electricity, to operate aprocessfor anon-industrial institution, such asahospital, government
office, or school.

klb/hr—thousands of pounds per hour

[b/mmBtu heat input—pounds of pollutant per measured million British thermal unitsof heat

input

[b/mmBtu,,,—pounds of pollutant emitted per measured million British thermal units of

thermal output

[b/MWh—pounds of pollutant per megawatt-hour

make up water—relatively cold water that is mixed with any returned condensate before

feeding water into the boiler.

mmBtu—million British thermal units

model ruleor model rulefor the NOx Budget Trading Program-the optional model rule EPA

prepared for States that would comply with the NOx SIP call by joining the NOx Budget Trading
Program, found at 40 CFR part 96.

Final EPA Guidance Document Devel oping and Updating Output-Based
May 8, 2000 Page 211 NOx Allowance Allocations



Appendix B: Glossary of terms used in this guidance

MWh—megawatt-hour

namepl ate capacity—the maximum el ectric generation an el ectric generator hasbeen designed
to sustain. Section 96.2 of the model rule for the NOx Budget Trading Program defines nameplate
capacity as “the maximum electrical generating output (in MWe) that a generator can sustain over
a specified period of time when not restricted by seasonal or other deratings as measured in

accordance with the United States Department of Energy standards.”

net output--the final output of a process after deducting any output consumed in any way
related to producing energy through that process. Examplesof output to be deducted includethermal
output lost through radiation to the outside, thermal output used for air or feedwater preheating, or
thermal or electric output used within the plant to operate the unit, generator, fuel handling system,
pumps, fans, or emission control equipment. Output used to produce a useful material product
besidesthethermal output or el ectric output, such asthermal energy used to dry paper, does not need
to be deducted when calculating net output.

new sour ce set-aside—a portion of allowances taken from a State budget for distribution to

new sources instead of to existing sources.

NIST-National Institute for Standards and Technology (formerly the National Bureau of
Standards).

non-EGU or non-electric generating unit—for purposes of this guidance, an industrial or

institutional boiler or turbine.

non-emitting electric generating system or non-emitting generating system--the portion of
afacility for generating electricity that uses an energy source not involving combustion of fuel or

NOXx emissions, such as hydroelectric, nuclear, geothermal, or wind power, and that usesan electric
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generator.

NOx—oxides of nitrogen (e.g., NO, NO,)

NOx Budget Trading Program—the multi-state nitrogen oxides air pollution control and
emission reduction program established under the NOx SIP call as a means of mitigating the

interstate transport of ozone and nitrogen oxides, an 0zone precursor.

NOx SP call-EPA’s requirement that States revise their State implementation plans to
control NOx mass emissions in order to reduce interstate transport of ozone. See 63 FR 57355,
October 27, 1998, Finding of Significant Contribution and Rulemaking for Certain Statesin the
Ozone Transport Assessment Group Region for Purposesof Reducing Regional Transport of Ozone.

OTC-0Ozone Transport Commission

OTC NOx Budget Program-a program organized by the Ozone Transport Commission for
controlling NOx emissions in thirteen northeast States and the District of Columbia. EPA

administers some portions of the program, such as allowance and emissions tracking.

output monitoring system--a collection of component pieces of equipment which are used
together to get a measurement of electric or thermal output in the units of measure required under
aregulation. An output monitoring system might consist of the following components:
. All wattmeters and a data logger that a company uses together to calculate electric output
datafor aunit (or facility).
. All flowmetersfor steam or condensate, temperature measurement devices, absolute pressure
measurement devices, and differential pressure devicesfor measuring thermal energy and a
data logger that a company uses together to calculate thermal output data for a unit (or

facility).
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ozone season-the period from May 1 through September 30 of each year, inclusive.

parasitic loads-Hoads that are used within a plant to operate equipment that does not
contribute to the final product being sold. Examples of parasitic loads are electric loads used to
operate fuel handling and preparation equipment, pumps, compressors, motors, fans, or pollution

control equipment, or thermal loads used in operating pumps or COmpressors.

psi—pounds per square inch

QA—quality assurance. The process of checking the quality of data, including tests on

monitoring equipment.

saturated steam-steam at atemperature and pressure closeto that of the normal boiling point
for water such that the steam will easily condense. Thisisthe normal state for water vapor under
atmospheric pressure conditions. Industrial and institutional boilers typicaly produce saturated
steam, while utility boilerstypically produce superheated steam.

scrubber—a flue gas desulfurization system for controlling SO, emissions.

sector budget-the portion of the State budget associated with the electric generating unit

sector or the non-electric generating unit sector.

simplified approach-- asimplified approach to monitoring output that measures the energy
output of steam exiting a boiler without compensating for the energy aready in the water entering
the boiler. Under this approach a pseudo-efficiency may be determined by dividing the energy in
the steam leaving the boiler by the heat input from combustion of fuel. This pseudo-efficiency does
not take account of thelaw of conservation of energy and may result in an efficiency of greater than
1. A monitoring system using a simplified approach measures the total energy of steam exiting a

boiler and does not require measuring or subtracting thermal energy in the boiler feedwater
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(condensate) return.

source—aplant or facility that producesair pollutants. Section 96.2 of the model rulefor the
NOx Budget Trading Program definesasourceas” any governmental, institutional, commercial, or
industrial structure, installation, plant, building, or facility that emitsor hasthe potential to emit any
regulated air pollutant under the Clean Air Act. For purposes of section 502(c) of the Clean Air Act,

a“source,” including a*“source” with multiple units, shall be considered a single “facility.”

Statebudget—thetotal number of tonsof NOx emissions projected for each Statein year 2007
under the NOx SIP call.

Superheated steamor super satur ated steam-steam at atemperature and pressure sufficiently
higher than that for the normal boiling point for water that the steam will not condense. Utility
boilerstypically produce superheated steam so that the steam will not condensein the steam turbine

that runs the electric generator.

thermal output--the thermal energy from a heat source (in mmBtu,/time) that is available
for usein another process after the subtraction of heat for boiler feed or combustion air preheating

or other heat recovery for combustion

trading budget—the portion of the State budget used to allocate NOx allowances under the
NOx Budget Trading Program.

unadjusted allocation-the tonnage initially calculated for aunit, source, or generator using
an emission rate and operational data, before adjusting to the total number of allowances available

for allocation.

unit—afossil fuel-fired stationary boiler, combustion turbine, or combined cycle system.
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Updating Output Emission Limitation Workgroup-the stakeholder workgroup that has
advised EPA during development of this guidance document. The workgroup reports to the Clean
Air, Energy and Climate Subcommittee of the Clean Air Act Advisory Committee.

updating allocation—an allocation that the permitting authority recalculates and uses to

redistribute allowances using more current operational data.

Final EPA Guidance Document Devel oping and Updating Output-Based
May 8, 2000 Page 216 NOx Allowance Allocations



Index

Index
Subject Page number
adjusting unadjusted allocationstofit aState budget . . .. ... .. o 34-39
by sector budgetsfor EGUsand for non-EGUS . .. ... ... 34-36
example adjusting EGUs, non-EGUs to sector budgetsby output .. ....... ... 34
tofittheentire Statetrading budget . ... ... . o e 37
allocating to some sources on output and to otherson heat input .. ... .. 40-43
calculating unadjusted allocations using heat input for NON-EGUS . ... ... ... i 40
example adjusting EGUs by output, non-EGUs by heat input ........... ... ... i, 41
fitting unadjusted allocationsto SECtor BUAQELS . . . . .. oottt 40
= Fo T o] = o o 25
FOr Bt C QUL PUL . . . ottt e e 25
for thermal output measured by the boiler efficiency approach ........... .. ... . . 26
for thermal output measured by the simplified approach . ........ ... .. .. 27
American Gas ASSOCIaliON (AGA) . ..ot 158, 159
American National Standards Institute (ANSI) . .. ... o 158
American Society for Testing and MaterialsS (ASTM) . ..ottt e e e e 158
American Society of Mechanical Engineers (ASME) . ... ... 158, 159
AUXTHANES0BOS . . . o e 50, 51
boiler efficiency approach to monitoring thermal output
difference from simplified approach . . . ... ... 56, 92
monitoring thermal output from cogeneratorsunder . ........ ... 118-137
use for example alocation Calculations . ... ... . it 31
calculating €leCtriC OUEPUL . . . . .o oo et et e e e e e e e e e e e e e 141
calculating the unadjusted alloCation . . ... ... . it 31
for sources that produce more than oneformof output . ... ... ... .. i 32
fOr @ECtriC OULPUL . . . . oot et e e e e e e e e e 31
for thermal OUEPUL . . . .. e 32
CalCUIAING BNl DY . . . ettt e e e e e 138-141
calculating thermal OULPUL . . .. ... o e e e e e e e 138-141
CEMENE KIS . . o e 31, 44, 208
CHP-see cogeneration
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 217 NOx Allowance Allocations



Index

Subject Page number
cogeneration

applicability of QUIdANCE TOr . ... .o 44

as either electric or non-electric generating Units . . ... ..ottt e e 55

aselectric generating UNitS . . ... ..ttt et e e e e 21

desCriptioN Of . . ... 55, 142, 208

difficultiesin monitoring grossthermal QUtPUL . .. ... ... .. i 52

example of calculating allocation with éectric & thermal output ............. ... ... i, 33, 35, 36

FIGURE 4 . . .. e e e e 93, 115

FIGURE B . . oo e e e e e e 94, 116

FIGURE 6 . . ..ottt e e e e e e e e e e e e e e e 95, 117

monitoring electric and thermal output from . ... ... . 55, 92-137

monitoring examples under the boiler efficiency approach . ....... ... ... .. . . 133-137

monitoring examples under the simplified approach . ........ .. ... 110-114

1eCOraKEEDI NG FEQUITEIMIENIES . . . . oottt et e et e e e e e e e e e e 152

combined cycle system (combined cycle cogenerator) .. ............ 46, 56, 57, 59, 103, 107, 108, 113, 125, 126, 128,

130, 131, 167, 172

EsCriptioN Of .. oo 208

FIGURE B . . ..ottt e e e e e e e e e e e e e 95, 117

MONItONNG EXAMPIES . . ..o 113-114, 136-137

monitoring thermal OULPUL frOm . . . . . .o 57

notincluded On ELA fOrmM 767 . ... o e e 163

primary approach to monitoring thermal output . . ........... . 58, 106, 128

combined heat and power—see cogeneration

combustionturbine . ........ ... 46, 56, 58, 94, 103, 106, 111-113, 125, 134-136, 172-173, 208
esCriptioN Of . . .o 208, 215
EPA gross generation datanot availablefor all CTs . ... ... i e 164
FIGURE B . oot e 94, 116
MONItONING EXaMPIES . . ottt e e e 112-114, 135-137
monitoring thermal OULPUL . . . ... ... o 106, 111, 125, 134, 135
primary approach to MONItOMING . . . . . ..ottt e et e e e e e e 106, 112, 129
CONVENtIONAl POWET PlaNtS . ..\ ittt ettt et et e e e et e e e e e 55, 62
allocations based on electric oUtpUt ONlY . . . . ... oo 55
FIGURE L. . oot e e e e e e e 61
MONI N NG EXAMPIE . . .ottt et e e e e e e e 67
core source categoriesinthemodel NOXx trading rule . ... ... .. . 44
detailed monitoring Option (OPtioN L) . ... ..ttt e e e 144
information to go iN MONItONING Plan . ... .. o e e 153
quality assurance and certification test dataunder, . . .. ... .. . 153
time period for output datato bereported . . ... .. ... .. 151
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 218 NOx Allowance Allocations



Index

Subject Page number

ElECtriC gENEraling UNit . . . ..o e e e 21, 46
adjustment of allocatioNs by SECtOr . .. . ...t 25, 35, 40
allocation of allocations by sector, based ONOULPUL . .. ... .ottt 34-43
allocation factor based on EleCtriC OULPUL . . . . ... oot e e 25
asa"coresource inthetrading Program . . . . ...ttt et e e e e 44
dataavailable for . ... ... .. 166, 168
EsCriptioN Of L. o 209
measuring electric OULPUL from . . . ... L. 46, 60-62
recordkeeping reqUITEMENLS . . . . ... oottt ettt e et e e e 144, 152, 164

electric output
definitioN Of . .. o 171
government SOUrCES OF dal@, . . . . ... oottt et e e e e e 163
MONION NG Of L . oo e e 60-67

Energy Information Administration (EIA)

approach to thermal OULpUL data . . . . . ... oo 68
net and gross electric output dataavailable . ...... ... . .. 165
electric output data available for non-utility generators .. ...t e 164
net electric output dataavailablefor Utilities .. ... .. ... .. 53
samplerulelanguage referencing datafrom . ... 174, 182, 192, 198
SIZ€ Of SOUMCES FEPOMING 10 . . . . oottt et ettt e e e e e e e e 164
time period for OUtpUt datareported . . .. ... oot 165
facility(ies)
allocating NOX allOWaNCES 10 . . . .o\ o ettt ettt e et e e e e e e e e e 47
USage Of tErM N QUILANCE . . . ..ot e e e e 46
formulas to calculate NOx allowance alocationsbased on OULPUL . . . . . ... oottt i 23
FrOM Bl C QUL PUL . . .o ettt e e e 23
from thermal OUEPUL . . .. e 23
other ways to determine afactor for thermal output . .. ... .. .. . 29
fossil fuel-fired . ... ... 21, 26, 34, 44, 45, 64, 162, 168, 171, 172, 209-210
generator(s)
allocating NOX allOWBNCESTO . . . . . . oottt et et e e e e e e e e e e 47
gross el ectric output
esCriptiON Of . . L 51
monitoring approaches and [0CatiONS . . . . . ... .ot 61, 65
0015011 | 46, 49, 51-55, 152, 167,171
defininginaState regulation . ... ... ... i e 167
definitioN Of ... o 171
issuesto consider when deciding between net and grossOuUtpULt ... ... oo 50-54
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 219 NOx Allowance Allocations



Index

Subject Page number
gross thermal output
ESCriPtiON Of .. oo 51
difficUltiES IN MONITONING . ..ot e e e e 52-54
monitoring approaches and [0CatIONS . . . . . ... ot 96, 118
NOUSE I0AAS . . . ..ot 50, 51
Ingtitute of Electrical and Electronics Engineers (IEEE) . .. ... .. .. i e 158
Instrument Society Of AMEriCa (1SA) . ..ottt e e 158

intermediate option for monitoring output (Option #3)

approachesto determining grossthermal OULPUL . . . .. ... .. o e 148
information to go iN MONItOrING Plan . ... .. o e 155
time period for output datato bereported . ... ... .. 151
location for installing output measurement eqQUIPMENE . . . . .. ... ottt et e e 55, 60-137
MECNANICAl WOTK . . ..ottt e e e e e e e 31, 45
Missing data SUDSLITULION ProCRAUNES . . . . . .ottt ettt e e e e e e e e e e e e e e e 161
National Institute of Standardsand Technology (NIST) . ... ot e e e 153, 160

net electric output

ESCriptiON Of . . oo 50

monitoring approaches and 10CatioNS . . .. ... oottt 62
net output

efiNitioN OF .. .o 171

difficUltiES IN MONITONING . ..ottt e e e e 52-54

net thermal output
JESCriptiON Of . . oo e 51
diffiCUltiES INMONItONING ... oot e e e e e e 52-54

non-electric generating unit (non-EGU)

adjustment of allocatioNsS Y SECtOr . . . .. .t 25,34, 37
adjustment of allocations by sector, based 0N OULPUL . . ... ..ot 34
allocation factor for non-EGUsbased on heat input . . . ... ... o 25
asa"coresource inthetrading Program . . . . ...ttt et e e e 44
calculating alocationsbhased Onheat iNPUL . ... ... it e 40- 42
AefiNitiON OF . . . 212
monitoring thermal OULPUL . . . ... ... o e 46, 58, 68-91
recordkeeping reqQUITEMENLS . . . . ...ttt et et e e e e e e 152, 164, 168
typical deSigN Eat INPUL T . . . ..ottt et e e e e e e e 28
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 220 NOx Allowance Allocations



Index

Subject Page number

non-emitting generating system
changesto definitionsSto aCCOUNt fOr . ... ... o e e e 167
changes to monitoring requirements to monitor output from . ........ ... . 161
AEfiNItiON Of .. o e 171, 212
rule changes for allowance and monitoring of output for .. ......... .. .. 168
rule Changesto aCCOUNt fOr . . ... o e 168
similarity to monitoring at afossil, conventional power plant . ....... ... ... i 67

non-fossil fuel-fired sources

rule changesto aCCOUNt fOr . . ... o e 168

NOx Budget Trading Program ... ... ot 4, 21, 22, 25, 31, 44, 45, 47, 151, 167,
169, 171, 213

under EPA'S SECHION 126 TUIE . . . ..ottt e e et e e e e e e e e e e e e e 21

NOX SIP Call .. e 3, 4, 25, 30, 31, 44, 47, 167, 169, 213

output measurement equipment

CONSENSUS StandardS fOr . . .. ... 158
INitial CartifiCation ... .. 155
1ESt SPECITICalIONS . . ..ot 156
USE Of EXIStiNG EOUI PN . . . oottt et e et e e e e e e e 150
output-based emission lIMITatiONS . . . . ... e e e e e e 20
ESCriptiON Of L. oo 20
output-based allowance allocations under acap and trade program . .. ...t 21

pollution control devices
AN POWEY [0SSES . . . o oottt ettt e e e e e 50
impacts of using allocations based on Net Or GroSSOULPUL . . .. oottt e ettt i 53

potential impact of different NOx allowance allocation methods

for sourcesthat produce mMorethan ONE . . . ... . it e e 21
primary approach

esCriptiON Of . . oo 55

Table VI-1: Summary of Common Approachesto Monitoring QUEpUL . ............co it 58
PrOCESS NB NS . . . oo ittt ettt e e e e 44

simplified approach to measuring thermal output
difference from boiler efficiency approach . . ... ... 56

simplified approach to monitoring thermal output

difference from boiler efficiency approach . .. ... ... 92
monitoring thermal output from CogeneratorS UNAer .. ... ..ottt e et 96
monitoring thermal output from steam generator under . ... ... ... 79
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 221 NOx Allowance Allocations



Index

Subject Page number
simplified option for monitoring output (OptioN#2) . . . .. ... 147
time period for output datato bereported . ... ... .. 151

Steam generator

approaches for determining net thermal output ... ... ... . 71-73, 81-83
approachesto determining grossthermal QULPUL . . ... .. . it i 73-75, 83-85
FIGURE 2 SteaM GENEIaOr . . .. ittt ettt e e e e e e e e e e e e e e e e e e et e 71, 81
FIGURE 3 Steam Generator (Industrial Boiler withReheat) ........... .. ... .. ... 72, 82
monitoring example under simplified approach . . ... .. .. 79
monitoring example under the simplified approach ......... ... . i 79, 80
monitoring examples under boiler efficiency approach ......... ... ... . 90, 91
monitoring thermal OULPUL . . . ... ... ot e e e e e e 68-91
steam reheat
FIGURE 3 Steam Generator (Industrial Boiler withReheat) ........... ... ... . ... 72, 82
need for MONItOriNG retUNN [INES . . . . . ... e e e e e e e et e 92
MONItONNG EXAMPIES . . . o e e 80, 91
steps to ensure consistent and aCcCurate MONITOMING . . .. ..ttt ettt e e e e e ettt e et 142

thermal output

efiNitioN OF ... 172

goverNMENt SOUrCES OF dald, . ... oottt ettt e e e e e e e e 164
unit(s)

allocating NOX allOWaNCES IO . . . . ..ottt ettt e e e e e e e e e e e e 46

definNitioN Of . ... 172, 215

usage Of termM N QUILANCE . . . . .. oo e e e e e 46
Updating Output Emission Limitation Workgroup .. .........oiiieien e, 4, 6, 26, 30, 169, 170, 216
Final EPA Guidance Document Devel oping and Updating Output-Based

May 8, 2000 Page 222 NOx Allowance Allocations



